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1 
INTRCmCTICN 
Incorporation of genetic male sterility into sorghum (Sorghum 
bicolor (L. ) Moench) random-mating populations has allowed plant breeders 
to take advantage of recurrent selection schemes. Because additive 
genetic variance is the major genetic coitponent in the expression of most 
characters in sorghum, including yield, each increment of iirprovement at 
the population level should also improve inbreds and hybrids derived from 
the population. 
Mass selection (phenotypic recurrent selection) of individual plants 
has been proposed and used effectively in sorghum for characters that are 
highly heritable (Doggett, 1968). It is a simple, relatively low-cost 
method of population inprovement which can be used advantageously when 
staff and funds are limited. 
Doggett and Eberhart (1968) described a method of recurrent 
selection in sorghum which utilized SI testing. Theoretically, the 
iirprovement of quantitatively inherited traits by using SI testing should 
be greater than that from mass selection (Eberhart, 1972; Eiipig et al., 
1972; Hallauer and Miranda, 1988). The use of this method fits very well 
in applied breeding programs. 
In the research presented in this dissertation, I compared the 
performance of two random-mating populations of grain sorghum that were 
derived from the same base (CO) population. lAPlR(M) was developed by 
using mass selection for individual-panicle grain weight (Atkins, 1980), 
while IAP4R(S1) was developed by using replicated tests for grain yield 
of SI families (Atkins, 1986). % objectives were to: 1) compare the 
response to selection and evaluate the effectiveness of each selection 
strategy, 2) assess the genetic variability among SI families derived 
from the cycle-three populations of lAPlR(M) and IAP4R(S1), and 
3) estimate the magnitude of correlated changes among agronomic traits. 
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LITERATUE(E REIVIEW 
Now and for the foreseeable future, the balance between the world's 
population and its food supply seems very precarious. From a total of 
five billion persons in 1985, the world's population may well reach eight 
to ten billion by the year 2020. To feed this growing population, crop 
production must be increased 60 to 100 percent over the next 30 years 
(Guither and Halcrow, 1988). 
In the temperate and tropical areas of the world, where population 
growth is expected to be the greatest, sorghum (Sorghum bicolor (L.) 
Moench) often is the major cereal crop (Guither and Halcrow, 1988). 
Sorghum grain is used directly for human food in Asia and Africa, while 
in the developed nations most sorghum is fed to livestock (House, 1987). 
Sorghum is an especially inportant crop in regions where low rainfall 
limits com (Zea mays L.) production. 
Because farmable acreage is limited, increased sorghum production 
must come primarily from the iirprovement of grain yield per unit area of 
land. Over the past 24 years, the gains in grain yield of sorghum in the 
United States that are attributable to genetic causes have averaged 1.63% 
per year (Miller and Kebede, 1984). Unless that rate is increased, 
future sorghum production will fall short of the predicted demand. 
Quantitatively inherited traits, such as grain yield, are assumed to 
be controlled by large numbers of genes, each with a small effect on 
total expression of the trait. The task confronting plant breeders is to 
combine into a single genotype all of the favorable alleles and 
combinations of alleles that influence grain yield (Jenkins, 1940; Hull, 
1945; Gardner, 1972; Fasoulas, 1988). To accomplish this goal, breeders 
of many crop species have effectively utilized the pedigree breeding 
method in the irrprovement of grain yield. Typically, the procedure has 
been to cross two highly-selected genetically-similar homozygous 
genotypes and then, after several generations of inbreeding, select the 
most promising progeny. However, the method has been criticized because 
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small segregating populations lower the probability of finding the 
desired genotype, inbreeding decreases recombination possibilities and 
leads to rapid fixation of linkage blocks, and genetic diversity of 
commercial cultivars is restricted by the use of a relatively small 
number of genetically similar parents (Palmer, 1953; Jensen, 1970; 
Doggett, 1972b; Gardner, 1972; Venna and Kumar, 1974; Nath 1982; 
Hallauer, 1987; Hallauer and Miranda, 1988). Consequently, to increase 
the efficiency of sorghum breeding, an approach based on population 
inprovement, termed recurrent selection, has been advocated (Eberhart et 
al., 1967; Doggett and Eberhart, 1968; Doggett, 1968, 1972b; Gardner, 
1972). 
Recurrent Selection 
The term "recurrent selection" was first used by Hull in 1945. It 
is defined as the systematic application of repeated cycles of selection 
and recombination to iiiprove a random-mating population. The objective 
of recurrent selection is to gradually increase the frequency of 
favorable alleles that influence quantitative trait(s) in the population, 
while maintaining genetic variability, so that further inprovement of the 
trait(s) can be made. Summaries of a large number of experiments have 
indicated that recurrent selection has been effective in inproving 
quantitative traits in many species (Sprague and Eberhart, 1977; Frey, 
1983, 1984; Hallauer, 1986; Hallauer and Miranda, 1988, Hallauer et al., 
1988). 
Recurrent selection includes three phases, conducted in a repetitive 
manner: 1) development of selection units, 2) evaluation of the units, 
and 3) intermating the superior units or the parents of superior-
selection units, to form an iirproved population for the next cycle of 
selection (Hallauer, 1986, 1987; Hallauer and Miranda, 1988). Many 
different recurrent selection methods have been designed and most methods 
have been modified for use with various crop species. Ease of 
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intermating and producing progenies, the desired type of a commercial 
cultivar, and the type of gene action and heritability of the trait often 
influence the type of recurrent selection used (Nath, 1982; Frey, 1983; 
Hallauer, 1987; Hallauer and Miranda, 1988). 
Because grain sorghum is primarily self-pollinated (Miller and 
Kebede, 1984), the principal constraint in the application of recurrent 
selection to population improvement is the requirement for a large number 
of crosses during recombination generations (Doggett, 1967b, Nath, 1982), 
By incorporating male-sterility into populations undergoing recurrent 
selection, a breeder can produce large quantities of hybrid seed with a 
limited amount of labor (Gilmore, 1964). The use of genetic male 
sterility to facilitate cross pollination in sorghum population 
improvement is more desirable than the use of cytoplasmic-induced male 
sterility (CMS). Genetic male sterility can be used in either B 
(maintainer) or R (fertility restorer) populations (relative to CMS) 
because it is simply inherited and the ejqsression of male sterility is 
not affected by the type of cytoplasm (Doggett and Eberhart, 1968). 
F1 hybrids have been the primiary sorghum cultivar type since the 
mid-1950s (Miller and Kèbede, 1974). Hybrids generally produce higher 
grain yield, larger seed, more seeds/panicle, and are taller and earlier 
' maturing than their parental inbred lines (Quinby, 1963; Kirby and 
Atkins, 1968, Laosuwan and Atkins, 1978). A logical consequence of the 
inbred-hybrid system in sorghum is the search for a recurrent selection 
method that would improve a population and at the same time allow for 
extraction of inbreds to produce superior hybrids. 
Penny et al. (1963) classified recurrent selection procedures into 
either phenotypic or genotypic evaluation schemes. Phenotypic evaluation 
included methods where selection was based on the performance of 
individual plants. Genotypic evaluation included all selection 
procedures in which the breeding value of an individual was ascertained 
from the performance of its sel fed, half-sib, or full-sib progeny. Moll 
and Stuber (1974) divided recurrent selection methods ^ nto 
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intrapopulation and interpopulation inprovement schemes. Intrapopulation 
methods were procedures that maximized the inprovement of the population 
per se and its derived inbred lines. Interpopulation methods focused on 
the inprovement of crosses between populations and of hybrids between 
lines derived from the different populations. 
Different genetic mechanisms are postulated to be involved with 
changes caused by different population inprovement methods. Coirpton et 
al. (1987) concluded that inprovement of a com population through Sl-
testing (intrapopulation inprovement) involved loci that exhibited 
additive genetic effects, while reciprocal recurrent selection methods 
(interpopulation inprovement) seemed to involve loci with nonadditive 
effects. It seems that most phenotypic and genotypic recurrent selection 
methods capitalize on additive gene effects (Cockerham, 1961). 
Elxperiments have shown that general combining ability, or additive 
genetic variance, plays a major role in the egression of many agronomic 
characters of sorghum, but for most traits, appreciable nonadditive 
genetic variance also exists (Kambal and Webster, 1965; Niehaus and 
Pickett, 1966; Beil and Atkins, 1967; Atkins et al,, 1968; Kirby and 
Atkins, 1968; Patanothai and Atkins, 1974; Jan-om et al., 1976; Eckèbil 
et al., 1977; Laosuwan and Atkins, 1978; Ross, 1978; Bittinger et al., 
1981; Prest et al., 1983; Ibrahim et al., 1985). Because gene action in 
sorghum is predominantly additive, inprovement of a sorghum population by 
using intrapopulation recurrent selection methods should also inprove 
hybrids derived from that population. Otte et al. (1984) showed that 
hybrids formed from CMS fertility restorer lines extracted from the 
random-mating sorghum population NP3R were significantly higher yielding 
compared to hybrids formed from the component lines that were used to 
develop the population. 
Based on the ratio of the amount of additive genetic variance to the 
number of generations per cycle, mass selection and SI testing are two of 
the most promising types of recurrent selection for the inprovement of 
sorghum populations (Doggett, 1968, 1972a, 1972b; Doggett and Eberhart, 
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1968; Enpig et al., 1972; Gardner, 1972, 1977; Jan-om et al., 1976; 
Ross, 1978). There are few critical conparisons of these two recurrent 
selection methods in sorghum (Doggett, 1988). In reports of selection 
for grain yield in sorghum, where gains from either mass or Sl-testing 
recurrent selection procedures have been presented, the schemes in nearly 
all instances have been successful. 
Mass Selection 
Mass selection of individual plants, conducted either with or 
without genetic recombination, is one of the original forms of plant 
breeding. Mass selection without recombination, however, does not fit 
the definition of recurrent selection because recombination is one of the 
essential features of recurrent selection (Hallauer, 1987). The first 
written evidence of conscious plant breeding is from the first century 
B.C., when Roman scholars Varro and Columella recommended planting large 
seeds collected from the largest spikes. Virgil, a Roman poet of the 
same era, pointed out that crops degenerate without the selection of 
seeds year after year (Rajhathy, 1977). By the 20th century, the 
combination of natural and farmer-practiced mass selection had 
transformed wild species into highly productive landraces adapted to 
diverse climatic and soil conditions (Hallauer, 1987). 
Mass selection for grain yield is a sinple process in a sorghum 
random-mating population segregating for genetic male-sterility. The 
field is divided into a grid of plots and then, based on individual-
panicle weight, the best 5 to 25 percent of the plants are chosen from 
each plot. Isolation of the planting is necessary to prevent 
contamination from foreign pollen sources. Plants that display 
unfavorable traits may be eliminated before flowering. Seed from each 
selected individual is conposited equally to plant the next season's 
population. 
Doggett (1968) outlined two different ways that mass selection could 
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be acconplished in populations segregating for genetic male sterility. 
Selection of open-pollinated male-sterile plants in isolation (female-
choice mass selection) would control only the female parent (parental 
control, C = 1/2). Alternating the selection of fertile plants in one 
generation and male-sterile plants in the next (alternating or selfed-
choice mass selection) would provide conplete parental control (C = 1). 
The latter procedure works particularly well when an off-season nursery 
is available for the recombination phase. 
In the early 1900s, mass selection was thought to be ineffective for 
the improvement of grain yield in com. Hull (1952) attributed the 
inefficiency of mass selection in certain maize populations to the 
reduction of additive genetic variance by previous selection. Later it 
was demonstrated that most com populations have adequate additive 
genetic variance for continued inprovement, even after several cycles of 
selection (Hallauer and Wright, 1967; Hallauer and Sears, 1969; Hallauer 
and Miranda, 1988). 
Sprague (1955) believed that inadequate ej^rimental techniques were 
a major reason for the failure of mass selection to increase grain yield 
in maize. Because a plant's performance is dependent upon its growing 
conditions, environmental effects can decrease the breeder's ability to 
identify superior genotypes. Conditions influencing the very early 
growth of a plant have lasting effects (Valentine, 1979). Often these 
conditions are the result of environmental causes and are not genetic in 
nature. At sowing-time, seeds are positioned at different depths and in 
different orientations. Size of the seed also influences early vigor of 
the plant. During growth, seedlings are sukxnitted to different degrees 
of hinderance by clods, damage by machinery and pests, and other 
uncontrollable factors. Therefore, for traits with low heritability 
(e.g. grain yield) mass selection has not been so effective. But for 
traits upon which the environment has little effect, heritability on an 
individual-plant basis is relatively high and mass selection has been 
consistently effective (Frey, 1984; Hallauer, 1986, 1987). 
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Heterozygosity and hybrid vigor often play a large role in the 
eîÇ)ression of single-plant grain yield in the early generations following 
a cross (Thakare and Qualset, 1978). Classification of some plants as 
superior due to the action of alleles with large dominance or epistatic 
effects would cause lower gains in subsequent cycles of selection because 
the siçieriority of these individuals would not be transmitted to their 
offering. Kibite (1988) demonstrated that the efficiency of single-
plant selection for grain yield in wheat (Triticum vulgare) increased as 
homozygosity was approached because the effects of dominance and 
epistasis were minimized. On the other hand, for traits where gene 
action is predominantly additive, the performance of a single plant 
should be indicative of its breeding value. 
A classic exartple of successful mass selection for grain yield is 
the work of Gardner and co-workers to iirprove the com variety 'Hays 
Golden'. Because the heritability of grain yield based on the 
performance of an individual com plant is relatively low, Gardner (1961) 
suggested the use of a procedure which he called "modified mass 
selection". First, to increase genotypic effects and reduce conpetition 
effects, plants were grown at wide spacings under optimal conditions. 
Next, to reduce environmental effects, the field was divided into 
smaller, more uniform, portions called grids. This procedure partitioned 
the total environmental variance into within-grid and between-grid 
conponents. Selection within grids eliminated the effects of between-
grid differences such as variation in soil type, fertility, soil 
moisture, etc. Heritability on a single-plant basis was improved because 
phenotypic variation was increased while environmental variability was 
reduced. 
Using modified mass selection, grain yield of Hays Golden showed a 
linear increase of 3% per cycle over fifteen cycles (Gardner, 1977). 
Mareck and Gardner (1979), however, subsequently reported a decrease in 
the rate of inprovement of later cycles of Hays Golden, but the overall 
increase in the performance of the inproved population as coitpared to the 
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base population (0.9% per cycle) still was significant. Testing SI 
families derived from the ninth cycle, Harris et al. (1972) determined 
that mass selection in Hays Golden had substantially decreased the 
frequency of some iirportant detrimental recessive genes and increased the 
frequency of recessive genes for prolificacy. 
Mareck and Gardner (1979) evaluated CO and CIS of Hays Golden over a 
wide range of Nebraska environments. They hypothesized that the lack of 
response in later cycles of selection, as coirpared to previous reports, 
was caused by genotype-environment (G x E) interactions. When testing in 
one environment, as is the case in most mass selection programs, it is 
not possible to partition the G x E interaction effect. A plant that is 
selected at one location may perform well only in that environment. If 
the e}Ç)ression of a trait is influenced by large G x E interaction, 
selection at one central location may be of little value for inproving 
performance over a wide area (Mareck and Gardner, 1979; Mulamba et al., 
1983; Lothrop et al., 1985b). Therefore, to reduce G x E effects, 
sorghum breeders may have to conduct several mass selection programs with 
the same population concurrently, as in the concept of convergent-
divergent selection proposed by Lonnquist et al. (1979). 
Hallauer and Sears (1969) applied Gardner's modified mass selection 
procedure to the open-pollinated com varieties 'Iowa Ideal' and 'Krug'. 
They obtained linear responses for grain yield of 1.4% and 1.6% per cycle 
respectively in the two populations, but these values were not 
significantly different from zero. Several explanations were offered for 
the limited response. One possibility was that the low response was due 
to the confounding effects of a large G X E interaction. Selection at 
one location did not inprove the population's grain yield over diverse 
environments. Another explanation was that the intensity of selection 
was reduced by excluding stalk-lodged plants from selection. By not 
including high-yielding stalk-lodged plants as parents of subsequent 
cycles they limited the improvement that could be made in the population. 
A third explanation was that during the selection process phenotypic 
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variability may have been limited by coiipetition at high plant 
populations. Hallauer and Sears (1969) applied selection to com 
populations with plant stands of 39,000 plants/ha rather than the 19,400 
plants/ha used by Gardner (1961). 
Mulamba et al. (1983) evaluated the Krug population after additional 
cycles of mass selection. The average increase in grain yield of the 
population per se to mass selection was significantly different from zero 
(0.49% per cycle). Although the gain was smaller than that reported by 
Hallauer and Sears (1969), a significant regression coefficient was 
obtained by evaluating the different cycles of the population in a 
greater number of environments (Mulamba et al., 1983). Increased grain 
yield was associated with delayed silk emergence, greater grain moisture 
at harvest, and increased ear height. 
The per-cycle response to a form of gridded-mass-selection for grain 
yield called "honeycomb selection", was 9% for rye (Secale cereale), 11% 
for corn, and 26% for sunflower (Helianthus annuus) in studies cited by 
Fasoulas (1988) . Gridding reduced the effects of environmental 
variations, and Fasoulas (1988) stressed that maximum phenotypic 
expression, obtained by wide plant spacing and optimum growing 
conditions, was the key to the efficient use of mass selection in 
population improvement. 
The work of Burton (1974) demonstrates the precision that can be 
developed for individual-plant selection. Using recurrent-restricted-
phenotypic mass selection, the forage yield of two Pensacola bahiagrass 
(Paspalum notatum) populations was increased by 2% and 6% per cycle, 
respectively. Strict control of plant spacing, environmental 
variability, and intermating of selected individuals increased both the 
yield and the frequency of superior plants in the improved populations. 
Modified mass selection has been used successfully in sorghum to 
inprove grain yield. Doggett (1972a, 1972b) used Gardner's method of 
gridded mass selection to iitprove eight random-mating populations. Over 
three cycles of selection, gains within individual populations ranged 
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from zero to 32% for the female-choice system and zero to 43% for the 
alternating male-sterile male-fertile system. The average gain in grain 
yield over all populations was 2.5% per cycle. The original populations 
yielded significantly less than the check varieties 'Serena' and 'Dobbs' 
but the grain yield of most improved populations was similar to the 
checks (Doggett, 1988). 
Increased yield of the advanced cycles of sorghum populations 
iitproved by using mass selection was associated with increased plant 
height, but no change in maturity was observed (Doggett, 1972a, 1972b). 
The increase in height was thought to be due to the superior 
conpetitiveness of tall plants in the high density plantings. Although 
plant conpetition eliminated the low-yielding segregates, Doggett (1972b) 
suggested wider plant spacings in subsequent cycles of selection to 
reduce the advantage of tall plants. 
Jan-om (1973) conducted one cycle of visual mass-selection for 
grain yield in an isolated planting of NP3R sorghum population, choosing 
the best male-sterile and fertile plants in each grid. For the progeny 
of selected male-sterile plants, a 6.8% gain in grain yield was observed. 
An increase in grain yield of 14% was observed for the progeny of 
selected fertile plants. Gains in grain yield were accoirpanied by 
significant increases in seeds/panicle, seed size, days to midbloom, and 
plant height. 
Obilana and El-Rouby (1980a, 1980b) iitproved two sorghum random-
mating populations by using mass selection. Over three cycles of 
selection for grain yield, increases of 38.4%.and 40.4% were observed in 
the two populations (12.8% and 13.5%/cycle, respectively). 
Panicles/plant and plant height were increased in one population, but no 
change in maturity was observed in either population. They did observe 
increases in disease and insect resistance which indicated that the 
populations were becoming better adapted. 
Four cycles of mass selection for individual-panicle grain weight in 
the grain sorghum population IAP2B(M) increased grain yield of the 
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population per se by 4.6% (1.15% per cycle) (A. J. Maves, personal 
communication). Seeds/panicle, 100-seed weight, days to midbloom, and 
plant height also increased over cycles, but panicles/plant decreased. 
No decrease in the estimates of genotypic variance was observed between 
CO and C4 of the population. 
If the heritability of a trait is greater than the heritability for 
grain yield and the trait is highly correlated with grain yield, then the 
ejipected gain in grain yield by selecting for that trait should 
theoretically be larger than the gain from selection for yield per se. 
Lonnquist (1967) reported a significantly greater increase in grain yield 
of the com variety Hays Golden when selection was for prolificacy than 
when selection was for grain yield per se. Coors and Mardones (1989) 
also obtained a significant increase in grain yield in the com variety 
'Golden Glow' by using mass selection for prolificacy. 
Selection for yield components in order to irtprove grain yield has 
not been universally successful (Cortez-Mendoza and Hallauer, 1979; 
Kwolek et al., 1986a, 1986b; Odhiambo and Coirpton, 1987). Although the 
trait of interest was improved by selection in these studies, grain yield 
was not increased. A weakness of yield coirponent selection is that tiie 
model used usually is too sirrple. A single yield conponent can never 
account fully for all of the factors which produce the final yield 
(Doggett, 1972b). Often when one trait is improved it is at the expense 
of other yield coirponents (Kwolek et al., 1986a). 
SI Test±ng 
Genotypic intrapopulation-recurrent-selection procedures have been 
used to inprove random-mating populations in both self- and cross-
pollinated crops. Genotypic evaluation schemes are based on the premise 
that the performance of a plant's progeny is a better predictor of its 
breeding value than is the plant's phenotypic performance (Ross and 
Gardner, 1983). Because sorghum is naturally self pollinated, SI testing 
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has been suggested as the most applicable genotypic intrapopulation 
inprovement procedure (Doggett and Eberhart, 1968; Doggett, 1972b; 
Gardner, 1972). In addition to serving as parents for the next cycle of 
population iirprovement, superior SI families can also be integrated into 
an inbred-development program in the same manner as lines which are 
selected by using early generation testing procedures (Fehr and Ortiz, 
1974). 
The evaluation unit in a Sl-testing program is the progeny (Sl-
family) of self-pollinated SO plants. Utilizing a sorghum population 
possessing genetic male-sterility, a cycle begins with growing the 
population in isolation and identifying male-sterile plants. During the 
next season, SO seed from the male-sterile heads is planted head-to-row 
and a fertile head is harvested. In the third season, SI seed from each 
fertile head is grown in replicated yield tests. Based on grain yields, 
remnant seed tracing to superior SI progeny is conposited and planted in 
isolation for recombination to start a new cycle. Selfed progenies may 
be evaluated in any generation but usually SI or S2 families are tested. 
Although the genetic variance among lines is increased when testing 
highly inbred progeny, genetic gain per year may be reduced because as 
inbreeding increases, the number of years per cycle also may increase 
(Hallauer, 1987). 
Because of the ease in obtaining progenies, selfed-progeny recurrent 
selection has been a popular method to inprove populations of autogamous 
species. Theoretically, the value of recurrent selection in breeding 
self-pollinated crops should be coitparable to its value demonstrated in 
cross-pollinated crop improvement (Hanson et al., 1967). 
Kenworthy and Brim (1979) obtained an average yield increase of 16% 
after three cycles of SI testing for grain yield in two soybean (Glycine 
max L. Merr.) populations. Summamo and Fehr (1982) reported significant 
inprovement in grain yield after three cycles of recurrent selection in 
AP6 soybean population. Gain from selection, as measured by conposites 
of the parents from each cycle, was 2.1% in the early-maturing 
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subpopulation and 0.4% in the late-maturing set, but no improvement was 
observed in the midseason set. Piper and Fehr (1987) observed 
significant gains in grain yield ranging from 1.5 to 12.3% per cycle in 
an evaluation of subsequent cycles of AP6. By using S2-derived lines in 
the evaluation phase, Summamo and Fehr (1982) and Piper and Fehr (1987) 
did not observe the rapid shift to late maturity that was observed by 
Fehr (1974) and Miller and Fehr (1979) with the use of SI testing. 
Parlevliet and van Ommeren (1988) reported yield increases of 16.5% 
and 27.0% in two barley (Hordeum vulqare L.) populations by using two 
cycles of SI testing for grain yield. One cycle of SI testing for yield 
by Delogu et al. (1988) increased grain yield by 39.8% in a winter barley 
population. Oat (Avena sativa L.) grain yield was increased 12% during 
three cycles of selfed-progeny recurrent selection for yield (Payne et 
al., 1986). 
The use of SI progeny performance as a means of identifying superior 
genotypes was not considered seriously by com breeders until research in 
the 1960s demonstrated the potential of this method. Center and 
Alexander (1962) coiipared the performance of SO-derived SI progenies of 
maize and the corresponding testcross progenies produced by crossing the 
SO plant to two single crosses (WF9xT8 and Oh43xK155). Performance of SI 
progenies was as closely related to either set of testcross progenies as 
was the performance of the testcrosses to each other. Center and 
Alexander (1962) concluded that if productive SI families of maize tended 
to produce superior hybrids, then selection for yield among SI families 
might be an effective and efficient breeding method. 
Center and Alexander (1966) hypothesized that general combining 
ability of early-generation inbred lines of com would be more accurately 
evaluated by using selfed-progeny performance than on the basis of 
testcross performance. Testcross evaluation has several undesirable 
features; the most important is that the tester parent may transmit genes 
to the hybrid that may mask unfavorable genes in the line being evaluated 
(Center and Alexander, 1962; Smith, 1986). Consequently, differences in 
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the performance of testcrosses may not be representative of differences 
in SO genotypes. If additive genetic effects are of primary inportance 
in the determination of grain yield, then SI families that carry a 
predominance of favorable alleles for grain yield should be high 
yielding, whereas lines that possess few favorable alleles should be 
relatively unproductive (Center and Alexander, 1966). 
IjOnnquist and Castro (1967) concluded that the two methods, SI 
testing and testcross evaluation, stress selection for different types of 
gene action. Recurrent selection based on selfed-progeny performance 
increased the frequency of alleles with favorable additive effects, 
whereas recurrent selection based on testcross progeny performance 
favored alleles with advantageous nonadditive effects. Carangal et al. 
(1971) and Burton et al. (1971) found that SI testing in com was more 
effective than testcross evaluation for the inprovement of a population's 
yield per se, but the methods were equally effective in inprovement of 
combining ability. It seems that either nethod is capable of increasing 
general combining ability of maize, but selfed-progeny selection is 
superior for improving the performance of inbred lines. 
Inprovement of grain yield of com populations by using SI testing 
usually has been successful. After two cycles of SI testing, Center and 
Alexander (1966) obtained a 31.4% increase in the variety 'Virginia Corn 
Belt Southem Synthetic' (VCBS). Duclos and Crane (1968) inproved the 
yield of 'Purdue Exotic Synthetic Number 1' significantly with one cycle 
of SI testing (a 5.0% increase) but further inprovement was not obtained 
in the second cycle. Burton et al. (1971) showed a significant gain in 
yield of 4.1% per cycle by using four cycles of SI testing in BSK. 
Center (1973) and Center and Eberhart (1974) reported a gain of 7% per 
cycle in VCBS, however, Center and Eberhart (1974) did not show 
inprovement of grain yield in either 'Virginia Long Ear' (VLB) or BSK by 
using four cycles of SI testing. Sullivan and Kannenberg (1987) inproved 
grain yield in three populations 13%, 12%, and 19% per cycle respectively 
by using SI testing, but they observed a 4% decrease in a fourth 
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population. 
Research with sorghum has shown that the performance of an inbred 
line per se and its performance in hybrid combinations has a high 
positive correlation (Mohamed, 1983, cited by Ross and Gardner, 1983; 
Hugar et al., 1985). Therefore, testing SI families per se is probably 
as effective, if not more effective, as testcross evaluation for the 
inprovement of sorghum grain yield. 
Doggett (1972a, 1972b) iitproved four sorghum populations by using SI 
testing for grain yield. The average gain in grain yield per cycle was 
25% and the range was from 10% to 53%. Grain yield of the populations 
exceeded the control varieties Serena and Dobbs after only one cycle of 
SI testing (Doggett, 1972a, 1988). Doggett (1972a) suggested that the 
outstanding progress made in the populations undergoing SI testing was 
due to the high selection intensity (approximately 2%) enployed. 
Although differences in plant height and maturity were not significant in 
any of the populations developed by using SI testing for yield, taller, 
later-maturing lines were favored, possibly because of their competitive 
advantage (Doggett, 1972b). 
Ross (1978) reported a 17% increase in grain yield of the sorghum 
population NP3R after 2 cycles of SI testing for grain yield. This 
increase was associated with taller and later plant types. However, in 
the sorghum population NP5R, no increase in grain yield was observed 
after 2 cycles of SI testing for yield but gains were made toward earlier 
maturity and shorter plants (Ross, 1978). 
Nath (1982) advanced two sorghum populations through three cycles of 
selfed progeny recurrent selection for yield. Grain yield was increased 
significantly in both populations, with an overall inprovement of 53% in 
US/R and 34% in US/B. The inproved populations were significantly later 
than the original populations, and there was a tendency for the 
populations to become taller. 
At ICRISAT, sorghum populations inproved by using S2 selection for 
yield have shown increases of 8% to 15% for grain yield (House, 1982 as 
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referenced by Lothrop, 1983). Bulks of the advanced cycles, as well as 
population crosses, have out-yielded hybrid check varieties. 
Comparison of MÈss and SI Selection Methods 
Response to any intrapopulation recurrent selection procedure can be 
predicted by using estimated genetic parameters of the population and the 
appropriate genetic gain formula (Sprague, 1967; Enpig et al., 1972; 
Fehr, 1987; Hallauer and Miranda, 1988). To allocate resources 
efficiently, plant breeders often conpare the predicted values for using 
different recurrent-selection strategies in the same population (Fehr, 
1987). Theoretically, the expected genetic gain per cycle for SI testing 
is greater than the genetic gain expected from mass selection, because 
greater parental control is possible, additive genetic variance among 
selection units is larger, and evaluations of selection units can be 
repeated in time and space (Eberhart, 1972; Ertpig et al., 1972). 
Monte Carlo simulations of breeding procedures were used by Choo and 
Kannenberg (1979a, 1979b) and by Wright (1980, 1981) to demonstrate the 
superiority of SI testing, coitpared to mass selection, in terms of 
response per cycle. Mass selection was more efficient on a per season 
basis when the trait under selection was highly heritable. For traits 
with low heritability, however, SI testing was more successful (Wright, 
1980, 1981). 
Choo and Kannenberg (1979a) believed that their computer simulations 
showed that the advantage of progeny testing largely disappeared when a 
restriction on plant numbers was inposed. Limited sairple size means that 
in most breeding programs, alleles which are present in the population at 
low frequencies and under little selection pressure likely would 
disappear from the population (Wright, 1980). Choo and Kannenberg 
(1979b), in a subsequent conputer simulation study, found that SI testing 
did lead to a significant loss of desirable alleles. Fewer alleles were 
lost in conputer simulations of a mass selection program and they were 
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alleles with minor effects (Choo and Kannenberg, 1979b), If repulsion 
phase linkages are responsible for superior performance then intense 
selection would result in a greater probability of losing favorable 
alleles in a SI testing program (Cockerham, 1961; Choo and Kannenberg, 
1979b). Loss of favorable alleles would tend to offset the accumulation 
of favorable alleles by selection and thereby reduce the potential 
iirprovement of the population. 
Darrah et al. (1978) reported that mass selection for grain yield in 
the maize coirposite 'Kitale Composite A' (KCA) produced significant 
inprovement (1.1% per cycle) at a 10% selection intensity, but no 
iitprovement was observed when the selection intensity was 2%. SI testing 
was not effective for increasing grain yield in KCA (-0.2% per cycle). 
The authors suggested that inbreeding and linkage disequilibrium 
contributed to the lack of improvement. Progress from selection may have 
been reduced because the small selection differential combined with 
inadequate recombination tended to maintain linkage disequilibrium within 
large linkage blocks. 
Mulamba et al. (1983) corrpared the effectiveness of 14 cycles of 
mass selection with eight cycles of SI testing for grain yield in the 
Krug maize population. The population developed by using SI testing, 
BSK(S)C8, yielded 70% more than the original CO population. However, the 
mass-selected population BSK(M)C14 showed a 6.8% decrease in grain yield 
as cortpared to the original population. A gain of 0.49% per cycle in 
grain yield was reported for the mass selected population in another 
experiment, but this gain was still much less than the irrprovement 
obtained by using SI testing. Changes in maturity, ear height, 
ears/plant, and stalk lodging were more desirable in BSK(S)C8 than in 
BSK(M)C14. Estimates of genetic variability for grain yield in the 
advanced cycles showed a decrease for the Sl-derived population and no 
change for the mass-selected population relative to the base population. 
Ross et al. (1981) described the development of sorghum populations 
NP7BR and NP9BR, which were derived from the same source population 
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KPIBR. NP7BR was iitproved by intermating 20% of the highest yielding SI 
families identified by Eckebil (1974), whereas NP9BR was developed by 
mass selection of drought-resistant fertile plants at Tucson, Arizona, 
with intermating the following year at Mead, Nebraska. After one cycle 
of 81 testing, NP7BR yielded 40.1 q/ha while NP9BR yielded 36.9 q/ha 
after two cycles of mass selection (Ross et al., 1981). 
Obilana (1985) reported the progress from SI testing and mass 
selection in sorghum conposites B and Y. Either method of recurrent 
selection was effective for iirproving grain yield of the populations. A 
gain of 12.8% per cycle in the B coirposite, was observed after three 
cycles of mass selection for yield, whereas the population developed by 
using SI testing showed a 5.2% increase in grain yield after one cycle. 
The mass-selected population of the Y conposite showed a 13.5% yield gain 
after three cycles of selection while the population derived by using SI 
testing showed a 40% increase after one cycle. The differences in 
effectiveness of SI- as coitpared to mass-selection were not large when 
the gains are considered on a per year basis. Because SI testing usually 
takes three seasons to conplete a cycle, gains per year from using either 
of the selection methods were similar in the Y conposite, and mass 
selection was more effective in the B conposite. 
Associations among traits in the sorghum conposites B and Y were 
affected differentially by selection method (Obilana, 1985). SI testing 
for grain yield caused the Y conposite to become taller and earlier, but 
in the B conposite, significant changes in plant height and maturity were 
not observed. With the use of mass selection, no significant change in 
the maturity of either population was observed, but plants in advanced 
cycles of the Y conposite were significantly taller than those in the 
base population. 
Patanothai et al. (1980, cited by Doggett, 1988) reported gains in 
grain yield per season of 17.1% by using three cycles of female-choice 
mass selection for yield, 23.6% gain per season by using one cycle of 
alternating mass selection, and 22.2% increase per season by using one 
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cycle of SI testing in the sorghum population NP3R. All sub-populations 
became taller than the base population but days to midbloom remained 
relatively unchanged by selection. 
Ess and Atkins (1989) conpared the performance of hybrids produced 
by using random Sl-lines selected from sorghum populations IAP1R(M)C3 
(developed by using mass selection for individual panicle weight) and 
IAP4R(S1)C3 (developed by using Sl-yield testing) as male parents. These 
same populations were also used in the research presented in this 
dissertation. Hybrids formed from lines obtained from IAP4R(S1)C3 had a 
higher mean yield than hybrids produced by parental lines from 
IAP1R(M)C3, but the difference was not significant (beyond P < 0.05). 
Seven of the top ten yielding hybrids were crosses with male-parents from 
IAP4R(S1)C3. Hybrids formed from crosses of lines from the Sl-selected 
population were significantly shorter and later to bloom, had smaller 
seed, and more panicles per plant conpared to the hybrids of lines from 
the mass selected population. Estimates of genetic variance among 
hybrids developed with mass or 51 selected male parents were nearly the 
same or were somewhat greater for the mass selected group. 
Theoretical Considerations 
Once the major characters that enhance grain yield, such as maturity 
and plant height, have been incorporated into a population, and 
significant defects (e.g. disease and insect susceptibility) that 
decrease yield have been removed, then accumulating genes that have small 
favorable effects is slow and uncertain (Doggett, 1972b), Gardner (1972) 
suggested that favorable alleles for grain yield in sorghum may be widely 
scattered among many genotypes and sub-populations. Population 
improvement allows a plant breeder to combine as many favorable alleles 
as possible into one population where they might eventually be brought 
together into a single genotype. 
There is limited opportunity in self-pollinated species for 
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reassortment of parental alleles during the generations of inbreeding 
following a cross, and within a short time separate homozygous lines are 
generated. Because quantitatively inherited characters such as yield are 
controlled by many genes and these genes are arranged linearly on 
chromosomes, a system of frequent breaking and rearrangement of linkage 
groups is required. Hanson (1959) concluded that large portions of 
chromosomes are expected to remain intact during inbreeding. In effect, 
inbreeding freezes the linkage pattern of a F2 plant so that even in the 
best lines, unfavorable alleles are fixed (Weber, 1983; Silvela and Diez-
Barra, 1985). 
Elimination of deleterious genes that are locked into repulsion 
phase linkage is difficult because the combination exhibits a pseudo-
overdominant action and therefore is favored and preserved by selection 
(Gardner and Lonnquist, 1959; Fasoulas, 1988). Linkage of favorable 
alleles (i.e. coupling phase (+ +) linkages) produces positive linkage 
disequilibrium. Negative linkage disequilibrium is produced when 
favorable and deleterious alleles (i.e. repulsion phase (+ -) linkages) 
are predominant. Negative linkage disequilibrium is often generated 
between tightly linked genes during selfing and selection. This load of 
negative linkage disequilibrium can significantly slow the response to 
further selection (Felsenstein, 1965; Silvela and Diez-Barra, 1985). 
The value of intermating is to break linkage blocks, thereby 
reducing the magnitude and effect of linkage disequilibrium. Intermating 
heterozygous genotypes maximizes the probability of effective crossing 
over and reduces the danger of fixing unfavorable alleles (Weber, 1983). 
If genes influencing a quantitative character are linked in repulsion, 
intermating will promote recombination and lead to an increased frequency 
of the desirable genotype (Silvela and Diez-Barra, 1985). Repeated 
crossing will reduce the detrimental effects of negative linkage 
disequilibrium on the response to selection. But intermating will be 
less effective when linkage disequilibrium is positive (Pederson, 1974). 
If all possible arrangements of alleles have an equal probability of 
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occurrence, then coupling linkages also will occur, and it would be 
advantageous to maintain these linkages during selection. Directional 
selection in addition to intermating will increase the frequency of 
desirable genotypes, even when the intensity of selection and 
heritability of the character are low (Pederson, 1974). 
When more than a few genes are segregating in a cross, the number of 
plants or progenies that must be evaluated to recover the desired 
genotype becomes extremely large. Although genotypes short of perfection 
will be relatively common, the ideal combination of genes will occur 
rarely (Palmer, 1953). For instance, in a population heterozygous for 20 
loci, less than two individuals in ten thousand would be expected to be 
homozygous for more than 18 favorable alleles (Bailey, 1977). 
Instead of growing extremely large numbers of plants or progenies in 
a single season, a breeder can gradually increase the frequency of 
favorable alleles in a population through the use of recurrent selection. 
By intermating selected individuals that possess a high proportion of 
favorable alleles, the frequency of these alleles in the population will 
increase. There is greater probability of recovering genotypes with the 
desired combination of alleles in an inproved population, because even a 
small increase in the frequency of favorable alleles will enhance the 
proportion of superior genotypes (Hallauer, 1986). 
The common practice of making "good x good" crosses has decreased 
genetic diversity among commercial cultivars of most species (National 
Research Council, 1972). Matings in a typical breeding program are often 
confined to highly-selected genetically-similar elite lines. Many of 
these lines are similar genetically because they have been selected from 
crosses of parents with similar ancestry. When these lines are 
intermated there is a high probability that they will possess the same 
allele at a given locus. Therefore, genetic diversity and the potential 
response to selection in the resulting segregating population are limited 
(Silvela and Diez-Barra, 1985). Alternatively, recurrent selection 
within a broad-based genetically-diverse population most likely will 
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increase the diversity of alleles in commercial cultivars. 
Recurrent selection methods are more efficient than conventional 
pedigree procedures because they gradually increase the frequency of 
favorable alleles over cycles of selection. Recurrent selection 
increases genetic variation by breaking tight linkages, and by bringing 
together alleles from diverse ancestry. Intermating selected 
heterozygous parents increases the probability of crossing over between 
genes linked in repulsion phase and reduces the likelihood of fixing an 
unfavorable allele. Because of these factors, recurrent selection will 
generate a higher proportion of new genotypes that are often superior to 
genotypes produced by conventional procedures. 
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MATERIALS AND METHODS 
Development of IAP1R(I^ and IAP4R(S1) Populations 
The development of random-mating sorghum populations lAPlR(M) and 
IAP4R(S1) has been described by Atkins (1980, 1986). Both populations 
were derived from the same base (CO) population. Figure 1 provides a 
diagrammatic portrayal of the procedures for advancing cycles of each 
population. 
The base population was initiated during 1973 at Ames, Iowa. Ten 
inbreds (Table 1), used as male parents, were crossed onto bagged 
panicles of genetic male-sterile (ms3ms3) segregates from the random-
mating population NP3R. Parents of the CO population were primarily 
kafir, milo, durra, and caudatum derivatives. One male parent, NB9040, 
was developed in Nebraska, three (with Tx designations) were developed in 
Texas, and the others were developed in Iowa. All are pollen-fertility 
restorers (R-lines) to milo (Al) cytoplasm. NP3R, the female parent, 
provided cytoplasm and genetic male-sterility from the variety 'Coes' in 
an iitproved agronomic type. Thirty R-lines (Table 2) from various 
experiment station sorghum breeding programs were used as male parents in 
the development of NP3R (Nordquist et al., 1973). 
Seed from the crosses was coirposited so that the contribution of all 
male parents was equal. A 600 g sanple of the seed was planted in an 
isolated 0.09 ha (0.23 A) plot at the Iowa State University Agronomy and 
Agricultural Engineering Research Center near Ames in 1974. That plot 
consisted of 30 rows, 30.5 m (100 ft) long, spaced 102 cm (40 in) apart. 
To allow each plant the opportunity to express its full genetic 
potential, plants in each row were thinned to a spacing of approximately 
15 cm (6 in) (a total of approximately 6,000 plants in the plot). 
A grid of 30 rectangular cells, each five rows wide and 6.08 m (20 
ft) long, was superimposed on the isolation field at harvest. From each 
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NP3R X 10 R-Lines 
I (composite crossed seed) 
lAPlRfMl IAP4RfSll 
® (select fertile panicles) 
Isolation C1 
(select ms panicles) ^ 
Isolation C 2 
(select ms panicles) ^ 
Isolation C 3 
(select fertile panicles) 
Yield test (S2) 
(recombine remnant XI' seed) 
Isolation 
(select ms panicles) 
X1 ' Panicle rows (SI) 
I 
X1 
I 
C1 
I 
X2 Panicle rows 
^ (select fertile panicles) 
X2 Yield test (SI) 
^ (recombine remnant X2' seed) 
C 2 Isolation 
^ (select ms panicles) 
X3 Panicle rows 
^ (select fertile panicles) 
X3 Yield test (SI) 
^ (recombine remnant X3' seed) 
C 3 Isolation 
Figure 1. Diagram of selection procedures used to develop IftPlR(M)C3 
and IAP4R(S1)C3 sorghum populations 
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Table 1. Fertility restorer inbreds that were crossed onto genetic 
male-sterile segregates of NP3R population to initiate CO 
of lAPlR(M) and IAP4R(S1) sorghum populations 
Male parent 
designation Pedigree Species or Subgrovç) 
NB 9040 
Tx2536 
TX7000 (Caprock) 
TX7078 
Redbine 58 X Ak9-2 sel. 
Redlan X 0KY7 sel. 
IS2403C 
IS3063C 
IS12567C 
IS12608C 
(Korgi X CK 60) X Texas 
Yellow 
Caudatum/Kaura derivative 
Kafir X Milo 
Kafir X Milo 
Redbine 58 = Martin X 
Combine 7008X-10 
AK9-2 = Extra Early Pink X 
Early Kalo X Midland X 
Common Sudangrass 
Redlan = CI1090 X CI71 
0KY7 = Redlan X Short Kaura 
S2 of BC4 converted line 
from South Africa 
S2 of tenperate-zone bulk 
of converted line from 
Ethiopia 
S2 of BC4 converted, line 
from Sudan 
S2 of tenperate-zone bulk 
of converted line from 
Ethiopia 
Kafir/Korgi 
Caudatum/Kaura 
Milo/Kafir 
Milo/Kafir 
Kafir/Milo/ 
Sudangrass 
Kafir/Kaura 
Caudatum 
Caudatum 
Durra-Nigricans 
Zera Zera 
27 
Table 2. Male-parent inbreds used to develop the random-mating sorghum 
population NP3R 
'Caprock' KSl SDIOO 
Tx7078 KS2 SD102 
'Norghum' KS3 Tx04 
' Plainsman' KS6 Tx07 
'Redbine 60' b%)10 Tx09 
Ark. AKS3001R NB3494 Tx74 
Ak9-2 NB4610 Tx411 
Ak23-1 NB4917 Tx412 
Ga. DDES 6399-3 0KY8 Tx414 
Ga. DDES 6657-25-4 OKYIO Tx415 
cell, 15 to 25 tagged fertile panicles of combine height (100-150 cm [40-
60 in. ] ) plants that were not extremely late in maturity and appeared to 
possess at least average yielding ability were harvested. No selection 
for panicle type, seed color, or seed size was practiced. Selected 
panicles were threshed individually and grain weights recorded. 
To plant the CI isolation of lAPlR(M), 10 panicles with the highest 
individual-panicle grain weight were selected from each cell of the 1974 
(CO) isolation, and equal quantities of seed from the 300 selected 
panicles were coirposited. Segregation of male-sterile plants (ms3ms3) 
occurred in CI and subsequent cycles. To allow differentiation at 
harvest, different colored tags were fastened to male-sterile and fertile 
plants during anthesis. At harvest, 15 to 25 phenotypically-desirable 
male-sterile panicles and 15 to 25 fertile panicles were selected in each 
cell. Grain weight was recorded for each individually threshed panicle. 
Ten male-sterile panicles with the highest individual-panicle grain • 
28 
weight were selected from each of the 30 cells and seed was conposited 
equally to plant the isolation plot for the next cycle (C2) of selection. 
The same gridded phenotypic recurrent selection procedures continued 
each year to the C4 isolation in 1978. Conposites of seed from fertile 
and from male-sterile plants were released to the public in 1979 as 
IAP1R(M)C4 (Atkins, 1980). 
The second population, IAP4R(S1), was developed by using SI testing, 
a method that required three years per cycle. In the first year, seed 
from fertile panicles selected in the CO isolation plot was planted in 
single rows 1.82 m (6 ft) long. Selection between rows was for families 
that were combine-height with good agronomic type and maturity. Within 
selected rows, the best fertile panicle was chosen visually for inclusion 
in the replicated yield trial. That test, conducted during the second 
year, was arranged in a sinple-lattice design with two replicates. Seed 
(SI families) from selected fertile panicles was planted in single-row 
plots 4.26 m (14 ft) long, spaced 102 cm (40 in) apart. Panicles from 
the previous isolation plot that traced to the highest yielding entries 
in the yield test were selected and remnant (half-sib) seed conposited to 
plant the CI isolation, during the third year. 
The same procedures were used to develop cycles two (C2) and three 
(C3) of IAP4R(S1), except seed from male-sterile panicles selected from 
the isolation plot was planted in single 1.82 m (6 ft) rows. Selection 
intensity was 18% of the number tested in each yield trial. Sl-family 
grain yield of nearly all selected parents of each cycle exceeded the 
mean of the respective yield test by more than two times the experiment's 
standard error. The number of panicle rows, entries tested in the Sl-
family yield test, and entries selected in each cycle are presented in 
Table 3. After three cycles of SI testing, the population was released 
in 1984 as IAP4R(S1)C3 (Atkins,1986). 
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Table 3. Number of panicle rows, entries tested, and entries selected 
to be parents of cycles of IAP4R(S1) sorghum population 
No. of panicles 
planted from 
previous isolation 
Number of 
yield 
test entries 
No. of entries 
selected for 
next isolation 
Cycle 
of next 
isolation 
648 196 35 CI 
540 169 30 C2 
427 144 26 C3 
Experimental Procedure 
Two experiments were conducted to coirpare the population developed 
by using mass selection, lAPlR(M), with the population developed by using 
SI testing, IAP4R(S1). Entries for Experiment I consisted of coirposites 
of seed from the CO, the CI, C2, and C3 of lAPlR(M), and CI, C2, and C3 
of IAP4R(S1) (Table 4). Experiment II was an evaluation of 120 Sl-
families (derived from fertile panicles), 60 chosen randomly from the 
third cycle of each population. Because seed supplies from the 1977 
IAP1R(M)C3 isolation had been depleted, seed for Experiment II came from 
a repeat planting of the C3 isolation grown in 1983. Seed of IAP4R(S1)C3 
was produced in the 1984 isolation. 
Planting dates for Ejq^eriment I at the Iowa State University 
Agronomy Research Center near Ames, were May 21, 1986, May 22, 1987, and 
May 25, 1988, and at the Burkey Research Farm, also near Ames; the 
planting dates were June 9, 1987 and June 7, 1988. Experiment II was 
planted June 4, 1985, May 21, 1986, May 22, 1987, and May 25, 1988 at the 
Agronomy Research Center and June 9, 1987 at the Burkey Research Farm. 
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Table 4. Description of coirposites of different cycles of lAPlR(M) and 
IAP4R(S1) sorghum populations 
Population Cycle No. of panicles 
designation designation and fertility classification 
Base CO 648 (fertile) 
lAPlR(M) CI 695 (male sterile) 
lAPlR(M) C2 717 (male sterile) 
lAPlR(M) C3 593 (male sterile) 
IAP4R(S1) CI 540 (male sterile) 
IAP4R(S1) C2 427 (male sterile) 
IAP4R(S1) C3 450 (male sterile) 
i^lications of 67 kg/ha (60 lbs/A) of PgOg and K^O for each test were 
made the preceding autumn. The tests at the Agronomy Research Center 
were fertilized just before planting with 134 kg/ha (120 lbs/A) of N, but 
nitrogen was not applied to tests at the Burkey Farm, The soil type at 
both locations was Clarion-Nicollet-Webster (fine-loamy, mixed, mesic 
Aquic Hapludoll). 
Plots in both experiments were single rows 4.27 m (14 ft) long, with 
1.02 m (40 in) between rows. Plants were thinned to a spacing of 
approximately 10 cm (4 in) in the row, resulting in a final plant 
population of 96,885 plants/ha. A 3.05 m (10 ft) section of conpetitive 
plants was marked in each plot for harvest. End plants, gaps in the row, 
and plants bordering gaps were avoided. When 3.05 m of competitive 
plants were not available, a shorter section was marked and plant counts, 
panicles/plot, and yields of that plot were adjusted arithmetically. In 
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no instance was a plot less than 1.52 m (5 ft). 
Unthreshed panicle weight (grain, pedicles, and panicle branches), 
plants/plot, panicles/plot, and 100-seed weight were recorded in all 
environments. Plant height was recorded in 1986 through 1988. Days to 
midbloom were recorded in 1987 and 1988 only. 
From the staked section of each plot, panicles were counted as they 
were severed just below the lowest panicle branch and placed in a cloth 
bag. Because grain moisture at harvest was 20 to 30%, the panicles were 
dried for three to four days at 60° C (140° F) to a moisture content of 
about 5 to 7%, and then weighed to the nearest 0.05 pound. 
After the panicles were dried and plot weights determined, three 
panicles were chosen randomly from each plot and threshed in bulk. For 
each plot, sanples of 100 whole seeds were counted and weighed to the 
nearest centigram. Ross and Kofoid (1978) determined that sampling 100 
seeds was adequate to estimate values for seed size and for the ranking 
of genotypes. 
Grain yield of each plot was estimated by using the method developed 
by Robinson and Bernat (1963). That method utilized a regression 
equation that was derived using data obtained by threshing six plots that 
had dry-panicle weights greater than the mean of the experiment and six 
plots that weighed less than the mean. Atkins et al. (1968) reported 
that the method estimated relative yielding ability accurately when the 
entries of an ejçeriment were fairly homogeneous. Dry-panicle weights 
and threshed-grain weights from 12 plots in each environment, therefore, 
were used to develop the equations used to estimate grain yields. 
A regression equation was developed by using the threshed grain 
weights (Y) and dry-panicle weights (X). 
Let: 
Xg = mean of six plots with dry panicle weights above the 
mean of all plots; 
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then: 
= mean of six plots with dry panicle weights below the 
mean of all plots; 
= mean threshed grain weight of the six plots above the 
mean of all plots for dry panicle weight; 
Yjj = mean threshed grain weight of the six plots below the 
mean of all plots for dry panicle weight; 
X = mean dry panicle weight of the twelve selected plots; 
Y = mean threshed grain weight of the twelve selected 
plots; 
b = (Yg - Yjj) / (Xg - )^), the slope of the regression line; 
a = Y - bX, the Y-intercept; 
Y = a + bX, the form of the coirpleted regression 
equation. 
Equations developed for each environment of each experiment to 
convert lbs/plot of dry panicles to lbs/plot of threshed grain were: 
Ej^riment I: - 1986 Ames Y = -0.048 + 0.818 (X) 
- 1987 Ames Y = -0.319 + 0.886 (X) 
- 1987 Burkey Y = -0.675 + 1.000 (X) 
- 1988 Ames Y = -0.190 + 0.833 (X) 
- 1988 Burkey Y = -0.582 + 0.917 (X) 
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Ejqperiment II: - 1985 Ames Y = -0.268 + 0.815 (X) 
- 1986 Ames Y = 0.570 + 0.580 (X) 
- 1987 Ames Y = -0.251 + 0.851 (X) 
- 1987 Burkey Y = -0.016 + 0.852 (X) 
- 1988 Ames Y = -0.340 + 0.862 (X) 
Grain yields were then converted from pounds/plot to Mg/ha by 
multiplying lbs/plot by a factor of 1.465. 
Number of panicles/plant was calculated by dividing panicles/plot by 
plants/plot. Number of seeds/panicle was determined by using the 
formula: 
threshed grain weight (lbs/plot) X 453.6 g X 100 
100-seed wt.(g) x panicles/plot 
Midbloom date was recorded at anthesis when anthers were extruded 
halfway down the main panicle. The number of days from planting to 
midbloom was then calculated. Plant height was measured in centimeters 
from the soil surface to the top of the main panicle when plants were 
mature. 
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Statistical Pzooedure - Ebqperiment I 
Ej^riment I was arranged in randonized conplete-block field 
designs, grown in five environments (year-location cotibinations) with six 
replicates per environment. The seven entries were coirposites of seed 
from fertile panicles harvested from the CO isolation, and from male-
sterile panicles from CI, C2, and C3 isolations of lAPlR(M) and CI, C2, 
and C3 isolations of IAP4R(S1). In the analyses presented, each cycle-
selection method combination is referred to as a population. 
Cycles and selection methods were considered fixed variables, and 
environments and replicates within environments were considered random 
variables. The linear model for the combined-environment analysis of 
variance was; 
Yijkm = u + Ei + (R/E)ij + + (EP)i^ + eij^; 
i = 1 to 5 environments; 
j = 1 to 6 replicates within each environment; 
k = 1 to 2 selection methods; 
m = 0 to 3 cycles; 
where: 
^ijkm = value of the ijkmth observation; 
u = grand mean; 
Ej^ = effect of the ith environment; 
(R/E)^j = effect of the jth replicate within the ith environment; 
P,^ = effect of the kmth cycle-selection method combination 
(population); 
(EP)i,^ = effect of the interaction between the ith environment 
and the kmth population; 
®ijkm - experimental error associated with the ijkmth observation. 
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The form for the combined analysis of variance is given in Table 5. 
Total sum of squares were partitioned into effects due to environments 
(E), replicates within environments (R/E), populations (P), environments 
by populations interaction (E x P), and experimental error. Sum of 
squares for populations were divided further into sum of squares for 
linear and quadratic regression, and residual, by using the least squares 
procedure of Eberhart (1964). Linear and quadratic regression sum of 
squares were partitioned into average response to selection and variation 
among selection methods (among 15's). The among-selection-methods source 
of variation was a single-degree-of-freedom contrast of Sl-testing vs. 
mass selection response. 
Based on the expectation of mean squares, F-tests were calculated by 
using the environments x populations (E x P) mean square as the 
denominator. However, when the E x P source of variation was not 
significant (beyond p > 0.05), the mean square for experimental error 
(6^) was used as the denominator. A significant average regression 
effect indicated that the mean of the regression coefficients was 
different from zero. If the among-selection-methods source of variation 
(i.e. among A's) was significant, there was a significant difference 
among the regression coefficients for each selection method. 
The following least-squares model was used to partition the 
population sum of squares: 
m m 
"^Ij " Ug + 21 ®ij' j'=l j'=l 
i = 0 to 3 cycles of selection per method; 
j = 0 to 2 methods of selection; 
where: 
= observed mean of the ijth population; 
Uq = unbiased mean of the base population (i.e., y-intercept) ; 
= linear regression coefficient for the jth selection method; 
Agj = quadratic regression coefficient for the jth selection method; 
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Table 5. Form for the combined analysis of variance for Experiment I 
Source 
of variation d.f. 
Mean 
square E(MS) F-test 
Total mcer-1 209 
Environments (E) e-1 4 Ml M1/M2 
Replicates (R)/E e(r-l) 25 M2 M2/M12 
Populations (P) mc-1 6 M3 ô^+rô^EP+reK^p M3/M11^ 
Linear regressions 1 m 2 M4 6^+r6^Ei+reK^i M4/M11 
Average linear 1 1 M5 M5/M11 
Among fiij's m-1 1 M6 M6/M11 
Quadratic regressions m 2 M7 M7/M11 
Average quadratic : 1 1 M8 M8/M11 
Among Ag^'s m-1 1 M9 M9/M11 
Deviations m(c-2) 2 MIO MlO/Mll 
E X P (mc-1)(e-1) 24 Mil 6^+r6^EP M11/M12 
Experimental error mce(r-1) 150 M12 62 
^M12 was used as the denominator of the F-test when Mil was not 
significant (beyond p > 0.05). 
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Xj,^j = coefficients for the j'th design matrix where = 0 for 
j' ^ i and Xj,ij = i for j' = j. 
coefficients for the design matrices Xj, were: 
1 
M
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 3 
II 
1 0
 
0
 
T—4 % II 
' 1 0 0 0 "  II 
1 
H'
 
0
 
0
 
0
 
0
 
, 
1 
1 1 1 1 0  1 1 0  1  1 1 0  1 0  
1 2 ' 12 0 12 0 4 1 1 2 0 4 0 
1 3 • 13 0 13 0 9 : 1 3 0 9 0 
1 
1 1 10 1 10 11 j 1 0 1 0 1 
1 2 i 10 2 10 2 4 i 1 0 2 0 4 
3j 10 3 
^ « 
_1 0 3 9_ _1 0 3 0 9__ 
e^j = deviations from the model. 
Estimates of the base population mean and regression coefficients were 
calculated by using the formula: 
By = (Xy'Xy)-^ (Xj/Y); 
where: 
Bj, = column vector of the estimates of the parameters for the j'th 
model; 
Xy = the j'th design matrix; 
Y = column vector of population means over environments, 
r = [Yoo Yii Ygi Y31 Y12 Y22 Y32]. 
Sum of squares were coitputed by using the formulae: 
SS linear regression = e( (Bg'Gg) - CF); 
SS average linear = e((B/Gi) - CF); 
SS quadratic regression = e ( (B^'G^) - CF) ; 
SS average quadratic = e( (B^'G^) - CF) ; 
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where: 
e = number of environments; 
By = column vector of the estimates of the parameters for the j'th 
model; 
Gy = Xj/Y; 
CF = correction factor, ( 
n = number of entries. 
Sum of squares for the contrast of the response to the two recurrent 
selection methods was calculated by subtracting the average linear or 
quadratic response sum of squares from the respective linear or quadratic 
regression sum of squares. 
Standard errors (SE) of the regression coefficients were calculated 
as described by Draper and Smith (1966) : 
i = 0 to 2; 
where: 
bj,i = the j'ith regression coefficient; 
= diagonal element of the (X^'Xj, )"^ matrix corresponding to 
the j'ith coefficient; 
6^ = error mean square from the analysis of variance; 
r = number of observations per entry. 
To test the significance of each regression coefficient (HO: b^ = 0), 
a t-value was calculated by dividing b^ by SE (h^), and corrparing that 
value to a tabular t at r-1 degrees of freedom. 
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Statistical Prooeduxe - Ej^exdment II 
Estimates of changes in character means, genetic variation, 
heritability, and correlation among characters due to selection methods 
were obtained by evaluating the performance of 120 unselected Sl-
families, 60 from IAP1R(M)C3 and 60 from IAP4R(S1)C3, in five 
environments. Differences in the performance of the two sets of Sl-
families may be attributed to the effects of selection method. 
A replicates-in-blocks field design (Comstock and Robinson, 1948; 
Schutz and Cockerham, 1962, 1966) was used for the evaluation. When a 
large number of entries are included in an ejçjeriment, the replicates-in-
blocks design is more efficient than the randomized-conplete-block design 
for estimation of genetic variances (Ross and Gardner, 1983). Ten Sl-
families from each population were chosen randomly for inclusion in each 
of six groups, with two replicates of a group occurring in the same 
block. Each block, therefore, was essentially a small randomized-
conplete-block experiment involving random families from each population. 
Sum of squares and degrees of freedom for replicates in blocks, families 
in blocks, environments x families in blocks, and error were additive 
because each of the within-block means and variances were estimates of 
the same population (Ross and Gardner, 1983). 
All effects, except those attributable to selection methods, were 
considered random. Analyses of variance of data pooled over blocks for 
each environment were performed according to the model: 
Yjkmn = U + Bj + (R/B) + (G/B) + e^^; 
j = 1 to 6 blocks; 
k = 1 to 2 replicates within each block; 
m = 1 to 2 selection methods; 
n = 1 to 10 SI families per selection method within each block; 
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where: 
^jkmn - value of the jkmnth observation; 
u = grand mean; 
Bj = effect of the jth block; 
(R/B)j,ç = effect of the kth replicate within the jth block; 
(G/B) = effect of the mnth family-selection method combination 
(genotype) within the jth block; 
®jkinn ~ ejçierimental error associated with the jkmnth observation. 
The form for the analysis of variance for individual environments is 
presented in Table 6. The variation due to genotypes was partitioned 
into variation among families-within-blocks derived from IAP1R(M)C3 
(MS/B), variation among families-within-blocks derived from IAP4R(S1)C3 
(Sl/B), and a contrast between the two populations (i.e. selection 
methods) ((MS vs Sl)/B). Ejçjerimental error was partitioned similarly 
into variation among MS families within replicates within blocks 
(MS/R/B), among SI families within replicates within blocks (Sl/R/B), and 
between selection methods within replicates within blocks ( (MS vs 
SI)/R/B). F-tests were calculated by dividing the genotype source of 
variation by the error mean square. MS/B, Sl/B, and (MS vs Sl)/B 
conponents of the genotype sum of squares were tested against their 
respective MS/R/B, Sl/R/B and (MS vs SI)/R/B error mean squares. 
Data analyses for each trait also were combined across environments. 
The linear model for the combined analysis was: 
Yijkmn = u + El + Bj + (BE)ij + (R/BE)ij, + (G/B) ^  + (G/BE)^^^ + e^j^; 
i = 1 to 5 environments; 
j = 1 to 6 blocks; 
k = 1 to 2 replicates within each block; 
m = 1 to 2 selection methods; 
n = 1 to 10 SI families per selection method within each block; 
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Table 6. Form for the individual environment analysis of variance for 
Experiment II 
Source 
of variation d.f. 
Mean 
square 
Expected 
mean square F-test 
Total (rfpb)-1 239 
Blocks (B) b-1 5 Ml M1/M2 
Replicates (R)/B (r-l)b 6 M2 M2/M7 
Genotypes (G)/B (pf-l)b 114 M3 ô^ +rà^ a/B M3/M7 
MS/B (f-l)b 54 M4 6 MS/B M4/M8 
Sl/B (f-l)b 54 M5 Sl/B M5/M9 
(MS vs Sl)/B (p-l)b 6 M6 
 ^(MSSl)'*'^ *^  (MSS1)/B M6/M10 
Experimental error (r-1)(pf-l)b 114 M7 6^ 
MS/R/B (r-1)(f-l)b 54 M8 
Sl/R/B (r-1)(f-l)b 54 M9 6'si 
(MS vs Sl)/R/B (P-I)b 6 MIO 
 ^(MSSl) 
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where: 
^ijkmn = value of the ijkmnth observation; 
u = grand mean; 
El = effect of the ith environment (year-location combination); 
Bj = effect of the jth block; 
(BE) = effect of the interaction of the jth block with the ith 
environment; 
(R/BE) = effect of the jth replicate within the jth block in 
the ith environment; 
(G/B) = effect of the kmth SI family-selection method combination 
(genotype) within the jth block; 
(G/BE)ij^ = effect of the interaction between the ith environment 
and the mnth genotype within the jth block; 
®ijkmn ~ experimental error associated with the ijkmnth observation. 
The form for the combined analysis of variance is shown in Table 7. 
Sum of squares for genotype and for experimental error in the combined 
analysis were partitioned in the same manner as in the individual 
environment analysis. Partitionings of the sum of squares for the 
genotype x environments (G x E) interaction into MS/B x environments 
(MS/B X E), Sl/B X environments (Sl/B x E), and (MS vs SI)/B x 
environments ((MS vs Sl)/B x E) interactions also were made. 
An F-test to determine significance of the genotype x environments 
mean square was calculated by dividing the G x E mean square by the error 
mean square. The MS/B x E source of variation was tested against the MS 
error mean square, the Sl/B x E mean square was tested against the SI 
error mean square, and the (MS vs Sl)/B x E mean square was tested 
against the (MS vs SI) error mean square to determine significance. To 
test the significance of the genotype source of variation, the mean 
square for genotype was divided by the G x E mean square. MS/B, Sl/B, 
and (MS vs SI)/B conponents of the genotype sum of squares were tested 
against their respective MS/B x E, Sl/B x E, and (MS vs 81)/B x E mean 
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Table 7. Form for the combined analysis of variance for Experiment II 
Source 
of variation d.f. 
Mean 
square 
Ejqsected 
mean square F-test 
Total (rfpbe)-1 1199 
Environments (E) e-1 4 Ml M1/M3 
Blocks (B) b-1 5 M2 M2/M3 
B X E (b-1) (e-1) 20 M3 M3/M4 
Replicates (R)/B/E (r-l)be 30 M4 M4/M13 
Genotypes (G)/B (pf-l)b 114 M5 6^+r6^G/BE+re6^G/B M5/M9 
MS/B (f-l)b 54 M6 
 ^ (MS) MS/B M6/M10 
Sl/B (f-l)b 54 M7 6 si+ r 6  ( S I ) S l / B  M7/M11 
(MS vs Sl)/B (p-l)b 6 M8 (MSSl) +^ 6^  (MSSl) /BE"*"^ ®*^  ^(MSSl) /B M8/M12 
G/B X E (pf-1) (e-l)b 456 M9 à^ +rô\/BE M9/M13 
MS/B X E (f-l)be 216 MIO 
 ^ (MS) /BE M10/M14 
Sl/B X E (f-l)be 216 Mil 
*^ 3^1 (SI) /BE M11/M15 
(MS vs Sl)/B X E (p-l)b 24 M12 
 ^(MSSl) (MSSl)/BE M12/M16 
Ejç)t. Error (r-1) (pf-1) be 570 M13 6' 
MS/R/B X E (r-1)(f-l)be 270 M14 Ô^ MS 
Sl/R/B X E (r-1)(f-l)be 270 M15 6%i 
(MS vs Sl)/R/B X E (p-l)b 30 Ml 6 (MSSl) 
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squares. 
Variance conponents for each trait were estimated by using mean 
squares from the combined analysis of variance. The sources of variation 
of primary interest were genotype/blocks (ô^c/g), (MS) /blocks (ô^^/g), 
(SI) /blocks (ô^si/s) ' genotype/blocks x environments (ô^g/gE ) > MS/blocks x 
environments (6^(MS)/BE)f Sl/blocks x environments (6^(31,/be)/ and 
eîçjerimental error (6^, and 6%;^). Estimates were calculated by using 
the following equations: 
6^G/B = (M5-M9) /re; 
6^(MS)/B = (M6-M10) /re; 
6^(S1)/B = (M7-M11) /re; 
ô^G/BE = (M9-M13) /e; 
6'(MS)/BE = (M10-M14)/e; 
6^ (SI)/BE = (M11-M15) /e; 
where: 
r = number of replicates; 
e = number of environments. 
Standard errors (SE) of variance conponents were calculated by using 
the formula: 
, 2 MS 
SE 6\ 
d "T dfi+2 
where: 
C = coefficient of the variance coirponent in the expected 
mean squares; 
MSi = mean square for the ith trait; 
df^ = degrees of freedom for the ith trait. 
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A variance conponent was considered significant when its magnitude 
exceeded twice its standard error (Anderson and Bancroft, 1952). 
Variance coirponents were considered significantly different from each 
other if the range of their estimates plus or minus their standard errors 
did not overlap. Corrparisons of provided 
information on the relative genetic variability within C3 of the two 
populations. 
Estimates of genetic coirponents of the variation among SI families 
depend on gene frequency and the presence of dominance (Hallauer and 
Miranda, 1988). Because the nature of these variables was not known for 
lAPlR(M) C3 or for IAP4R(S1)C3, assumptions of no epistasis, linkage 
equilibrium, and gene frequency of p = q = 0.5, were made for each 
population. To the extent that these assumptions are not satisfied, 
estimates of genetic variance will be incorrect. Using the stated 
assunptions for the populations, the genetic conponents of variance for 
SI families estimated = 6^ + 1/4 (Hallauer and Miranda, 1988). In 
the absence of dominance, the SI family conponent of variance provided an 
estimate of 6\. 
Genetic coefficients of variation (GCV) were calculated for each 
population by using the formula: 
(100 X ) 
GCV (%) = ; 
X 
where: 
6\ = 6^MS/B for IAP1R(M)C3 and ô^gi/B for IAP4R(S1)C3; 
X = mean of the ith population. 
Heritabilities (h^) were calculated by dividing the genetic variance 
of SI families by their phenotypic variance. Heritabilities and their 
standard errors were estimated for SI families from lAPlR (M)C3 and from 
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IAP4R(S1)C3 on an entry mean basis by using the formulae: 
A A 
, SE ô^c h = and SE = 
A A 
6^/re + 6^2/e + 6^2 6^/re + ô^^/e + 
and on a plot basis by using the formulae: 
2 ô^G SE à\ h^ = and SE = 
6  ^ + Ô^GE + 6^G 6  ^ + Ô^GE + 
where: 
A 
= 6^MS/B IAP1R(M)C3 and for IAP4R(S1)C3; 
ô^GE = 6^Ms/BE for IAP1R(M)C3 and 6^51/^ for IAP4R(S1)C3; 
r = number of replicates; 
e = number of environments. 
Phenotypic and genetic correlations between pairs of traits were 
calculated by using sum of squares and cross products of the combined 
analysis of variance obtained from the PROC MANOVA option of SAS 
(Statistical Analysis System, the SAS Institute Inc., Gary, North 
Carolina). The formula used to calculate phenotypic correlations was: 
. 
' 
MSx MSy 
where: 
MCPjjy = Mean cross products between trait x and y; 
MSjj = Mean squares for trait x; 
MSy = Mean squares for trait y. 
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and for calculation of genetic correlations the formula was: 
r = 
9 
6'GX 6% 
where: 
"^Gxy - estimate of the genetic covariance between traits x and y; 
A 
= estimate of the SI family genetic variance for trait x; 
= estimate of the SI family genetic variance for trait y. 
Significance of the phenotypic correlations (rp) was determined by 
the formula: 
r t = 
\/ (1-r^)/(n-2) 
where: 
n = number of entries for each pair of traits. 
The calculated t was compared to a tabular t at n-2 degrees of freedom. 
Observed response to the two recurrent selection methods was 
compared on a per cycle basis to the expected response. Expected 
response to selection was calculated by using formulae proposed by Fehr 
(1987); 
for mass selection: 
G = 
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and for SI testing: 
(k C 6:^ (j — 
(ôVre) + iô^c^/e) + (ô^g) 
where; 
G = expected gain from selection; 
k = standardized selection differential; 
C = parental control; 
6^2 = 6^hs/b for lAPlR(M) C3 and ô s^i/b IAP4R(S1)C3; 
6^ge = 6^Ms/BE IAP1R(M)C3 and for IAP4R(S1)C3; 
6^ = ejq^erimental error; 
ô^„ = variation between plants within plots, because a direct 
estimate of 6^ could not be estimated from the data obtained 
with this experimental design, an estimate was calculated by 
multiplying 6^ by 10 and adding that value to (A. R. 
Hallauer, personal communication); 
r = number of replicates per environment; 
e = number of environments. 
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RESULTS 
Ebçeriinent I 
Growing conditions in Iowa during 1986 to 1988 generally were 
conducive to good sorghum production. Mean grain yields for Experiment I 
ranged from 5.55 1%/ha (88 bu/A) at Ames in 1988 to 6.64 Mg/ha (106 bu/A) 
in the 1986 Ames test. Highly significant (P < 0.01) differences between 
environments were detected in the combined analysis of variance (Tables 8 
and 9) for all traits measured. Mean squares for replicates within 
environments were significant (P < 0.05) only for days to midbloom. 
Environment x population mean squares were significant for plant height 
and days to midbloom (P < 0.05 and P < 0.01, respectively) but not for 
grain yield or any of the components of yield. 
Each entry in Experiment I was termed a population (cycle-selection 
method combination) in the analysis. Population means for each trait, in 
individual environments and combined over environments, are presented in 
Tables 10 through 15. Populations differed significantly (beyond P < 
0.05) in individual environments for grain yield in 1987 and 1988 at 
Ames, seeds/panicle in the 1987 Ames test, plant height in 1987 and 1988 
at the Burkey Farm, and days to midbloom in all environments. 
Coefficients of variation for grain yield and yield components for the 
1987 Burkey Farm test were appreciably larger than those for other 
environments. A heavy infestation of com root worm beetles (Diabrotica 
spp.) feeding on the anthers of many plants was noted in that test. 
Significant (P < 0.05 or P < 0.01) population effects were observed 
in the combined analysis of variance for grain yield, seeds/panicle, 
plant height, and days to midbloom. No significant differences (beyond P 
> 0.05) among populations in either the combined analyses or in 
individual environments were observed for panicles/plant and 100-seed 
weight. 
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Table 8. Mean squares from the analysis of variance for grain yield and 
yield coitponents for Ejq)eriment I combined over environments 
(Ames 1986 through 1988, and Burkey Farm 1987, 1988)* 
Source Grain Seeds/ 100--seed Panicles/ 
of variation d.f. yield panicle weight plant 
Environments (E) 4 8. 610** 1819699** 2. 117** 5. 570** 
Replicates (R)/E 25 0. 336 18278 0. 046 0. 047 
Populations (P) 6 1. 401** 270930** 0. 120 0. 052 
Linear regressions 2 1. 322** 117762* 0. 017 0. 019 
Average linear 1 2. 549** 154884* 0. 030 0. 001 
Among iiij's 1 0. 095 80640 0. 003 0. 036 
Quadratic regressions 2 0. 155 6560 0. 000 0. 000 
Average quadratic 1 0. 070 735 0. 001 0. 000 
Among Agj's 1 0. 240 12385 0. 000 0. 000 
Deviation 2 2. 726** 688467** 0. 342 0. 137 
E X P 24 0. 269 35292 0. 106 0. 039 
Experimental error 150 0. 220 38280 0. 103 0. 047 
CV (%) 7 .90 14.35 11 .76 11 .94 
^Experimental error was used as the denominator for the F-test when E 
X P was not significant (beyond P > 0.05). 
*, ** Indicate significance at the 0.05 and 0.01 levels of 
probability, respectively, in this table and all succeeding tables. 
51 
Table 9. Mean squares from the analysis of variance for plant height and 
days to midbloom for Experiment I combined over environments 
(Ames 1986 through 1988, and Burkey Farm 1987, 1988)* 
Source 
of variation d.f. 
Plant 
height d.f. 
Days to 
Midbloonf' 
Environments (E) 4 
Replicates (R)/E 25 
2334.92** 
81.73 
3 
20 
667.78** 
3.85* 
Populations (P) 6 
Linear regressions 2 
Average linear 1 
Among lîij's 1 
Quadratic regressions 2 
Average quadratic 1 
Among Ag^'s 1 
Deviation 2 
291.08* 
48.70 
12.40 
85.00 
60.00  
30.00 
90.00 
764.55** 
1 
1 
? 
1 
1 
127.45** 
62.37** 
13.55 
111.20** 
0.40 
0 .80  
0 .00  
319.58** 
E X P 24 131.48* 18 5.50** 
Experimental error 150 69.52 120 2 .00  
CV (%) 5.98 2.35 
^Ejqserimental error was used as the denominator for the F-test when E 
X P was not significant (beyond P > 0.05). 
'^ays to midbloom not taken at Ames in 1986. 
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Table 10. Means of cycles of lAPlR(M) and IAP4R(S1) sorghum populations 
in Experiment I for grain yield (Mg/ha) in individual 
environments and combined over environments 
1986 1987 1987 1988 1988 
Population Ames Ames Burkey Ames Burkey Combined 
Base (CO) 
lAPlR(M) CI 
IAP1R(M)C2 
IAP1R(M)C3 
IAP4R(S1)C1 
IAP4R(S1)C2 
IAP4R(S1)C3 
6.33 5.54 
6.39 5.82 
6.84 5.82 
6.92 6.35 
6.83 6.54 
6.41 6.08 
6.77 6.72 
5.35 5.19 
5.40 5.34 
5.84 5.39 
6.03 5.44 
5.73 5.76 
5.92 5.91 
5.54 5.82 
5.42 5.57 
5.73 5.74 
5.50 5.88 
5.73 6.09 
5.78 6.13 
5.75 6.01 
5.74 6.12 
LSDO.05 0.73 0.47 0.97 0.55 0.65 0.27 
Average 6.64 6.13 5.69 5.55 5.66 5.93 
CV (%) 7.42 5.17 11.51 6.63 7.73 7.90 
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Table 11. Mfeans of cycles of lAPlR(M) and IAP4R(S1) sorghum populations 
in Experiment I for seeds/panicle in individual environments 
and combined over environments 
1986 1987 1987 1988 1988 
Population Ames Ames Burkey Ames Burkey Combined 
Base (CO) 1021 1179 1133 1471 1326 1226 
IAP1R(M)C1 1051 1252 1157 1616 1485 1312 
lAPlR(M) C2 1028 1230 1248 1463 1454 1285 
lAPlR(M) C3 1148 1231 1272 1624 1696 1394 
IAP4R(S1)C1 1111 1379 1366 1633 1651 1428 
IAP4R(S1)C2 984 1368 1500 1547 1576 1395 
IAP4R(S1)C3 1129 1524 1534 1716 1628 1506 
LSDo_O5 234 177 419 253 310 99 
Average 1067 1309 1316 1581 1545 1364 
CV (%) 14.76 9.13 21.45 10.76 13.53 14.35 
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Table 12. Means of cycles of lAPlR(M) and IAP4R(S1) sorghum populations 
in Experiment I for 100-seed weight (g) in individual 
environments and canbined over environments 
1986 1987 1987 1988 1988 
Population Ames Ames Burkey Ames Burkey Combined 
Base (CO) 
IAP1R(M)C1 
IAP1R(M)C2 
lAPlR(M) C3 
IAP4R(S1)C1 
IAP4R(S1)C2 
IAP4R(S1)C3 
3.17 2.67 
3.11 2.60 
3.11 2.65 
3.00 2.65 
3.09 2.68 
3.31 2.58 
3.01 2.76 
2.83 2.53 
2.50 2.46 
2.80 2 .61 
2.78 2.39 
2.55 2.48 
2.40 2.85 
2.41 2.50 
2.86 2 .81 
2.74 2.68 
2.66 2.77 
2.45 2.65 
2.63 2.69 
2.80 2.79 
2.72 2.68 
LSDQ.os 0.53 0.32 0.65 0.42 0.37 0.17 
Average 3.11 2.66 2.61 2.55 2.69 2.72 
CV (%) 11.48 8.27 16.88 11.21 9.23 11.76 
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Table 13. Means of cycles of lAPlR(M) and IAP4R(S1) sorghum populations 
in Experiment I for panicles/plant in individual environments 
and combined over environments 
1986 1987 1987 1988 1988 
Population Ames Ames Burkey Ames Burkey Combined 
Base (CO) 
lAPlR(M) CI 
IAP1R(M)C2 
lAPlR(M) C3 
IAP4R(S1)C1 
IAP4R(S1)C2 
IAP4R(S1)C3 
2.32 1.89 
2.19 1.93 
2.42 1.92 
2.27 2.14 
2.35 1.97 
2.26 1.92 
2.32 1.88 
1.91 1.48 
2.15 1.43 
1.94 1.51 
1.95 1.46 
1.86 1.52 
1.87 1.43 
1.79 1.46 
1.49 1.82 
1.47 1.83 
1.48 1.85 
1.45 1.85 
1.38 1.81 
1.36 1.77 
1.36 1.76 
LSDqos 0.50 0.24 0.38 0.18 0.18 0.10 
Average 2.30 1.95 1.93 1.47 1.43 1.81 
CV (%) 14.59 8.60 13.10 8.47 8.56 11.94 
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Table 14. Means of cycles of lAPlR(M) and IAP4R(S1) sorghum populations 
in Experiment I for plant height (cm) in individual 
environments and combined over environments 
1986 1987 1987 1988 1988 
Population Ames Ames Burkey Ames Burkey Combined 
Base (CO) 141 142 162 129 135 142 
lAPlR(M) CI 139 144 143 131 140 140 
lAPlR(M) C2 137 137 143 129 137 137 
lAPlR(M) C3 143 149 152 137 141 144 
IAP4R(S1)C1 133 140 153 133 134 139 
IAP4R(S1)C2 144 137 152 136 132 140 
IAP4R(S1)C3 139 142 149 124 121 135 
^^^0.05 13 12 15 12 10 6 
Average 139 142 151 131 134 140 
CV (%) 6.14 5.69 6.62 6.26 4.85 5.98 
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Table 15. Means of cycles of lAPlR(M) and IAP4R(S1) sorghum populations 
in Ejqseriment I for days to midbloom in individual 
environments and combined over environments 
1987 1987 1988 1988 
Population Ames Burkey Ames Burkey Combined 
Base (CO) 64.7 61.3 56.8 55.3 59.5 
IAP1R(M)C1 64.2 59.7 54,5 54.2 58.1 
IAP1R(M)C2 63.5 61.2 55.5 55.2 58.8 
IAP1R(M)C3 63.0 59.8 55.0 54.5 58.1 
IAP4R(S1)C1 65.2 62.2 59.5 56.3 60.8 
IAP4R(S1)C2 65.8 64.2 61.2 57.3 62.1 
IAP4R(S1)C3 68.3 65.5 64.0 59.3 64.3 
LSDO.05 1.2 3.5 1.6 1.2 1.4 
Average 65.0 62.0 58.1 56.0 60.3 
CV (%) 1.28 3.76 1.87 1.49 2.35 
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Populations derived by using SI testing were highest yielding in 
three of the five environments. Over all environments, IAP4R(S1)C1 
yielded the most, but it was not significantly di.fferent (by using the 
LSD0.05) from C2 and C3 of IAP4R(S1) or C2 and C3 of lAPlR(M). The 
IAP4R(S1) populations generally had more seed/panicle and were later to 
midbloom compared to counterpart populations derived by using mass 
selection. IAP4R(S1)C3 had the most seed/panicle, the shortest plants, 
and was the last population to reach midbloom stage. 
A statistical model proposed by Eberhart (1964) was used to coitpare 
the two recurrent selection methods. Genetic progress was estimated by 
using the model to fit linear and quadratic regression coefficients for 
each method. Mean squares (Tables 8 and 9) for the linear regression 
source of variation were significant (P < 0.05 or P < 0.01) for grain 
yield, seeds/panicle, and days to midbloom, but they were not significant 
(beyond P > 0.05) for 100-seed weight, panicles/plant, and plant height. 
Quadratic regression mean squares were not significant (beyond 
P > 0.05) for any of the traits measured (Tables 8 and 9). Highly 
significant (P < 0.01) deviation mean squares were obtained for grain 
yield, seeds/panicle, plant height, and days to midbloom. Because the 
quadratic regression mean squares for all traits were not significant, a 
reduced model (Table 16) based only on linear regression coefficients 
(Model 2 proposed by Eberhart in 1964) was most appropriate for 
evaluating the data. Magnitude of the mean squares for deviation from 
regression was decreased by using the reduced model, because sums of 
squares for quadratic regression and their degrees of freedom were pooled 
with the deviation sums of squares and degrees of freedom from the full 
model. Although still significant (beyond p < 0.05), deviation mean 
squares in the reduced model were about half the magnitude of the full 
model. 
For grain yield, the mean square for the average-linear source of 
variation was highly significant (P < 0.01), indicating that the 
regression coefficient for the average of the selection methods (0.144 
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Table 16. Mean squares from the combined analysis of variance for the 
reduced model (Model 2; Eberhart, 1964) for grain 
yield, yield conponents, plant height, and days to midbloom® 
Source Grain Seeds/ 100--seed Panicles/ 
of variation d.f. yield panicle weight plant 
Environments (E) 4 8.610** 1819699** 2. 117** 5.570** 
Replicates (R) /E 25 0.336 18278 0, 046 0.047 
Populations (P) 6 1.401** 270930** 0. 120 0.052 
Linear regressions 2 1.322** 117762* 0. 017 0.019 
Average linear 1 2.549** 154884* 0. 030 0.001 
Among G^j's 1 0.095 80640 0. 003 0.036 
Deviation 4 1.441** 357513** 0. 171 0.068 
E X P 24 0.269 35292 0. 106 0.039 
Ei^rimental error 150 0.220 38280 0. 103 0.047 
Source Plant height Days to 
of variation d.f. d. ,f. Midbloom'' 
Environments (E) 4 2334. 92** 3 667 .78** 
Replicates (R) /E 25 81. 73 20 3 .85* 
Populations (P) 6 291. 08* 6 127 .45** 
Linear regressions 2 48. 70 2 62 .37** 
Average linear 1 12. 40 1 13 .55 
Among liij's 1 85. 00 1 111 .20** 
Deviation 4 412. 25** 4 159 .99** 
E X P 24 131. 48* 18 5, .50** 
Experimental error 150 69. 52 120 2 .00 
^Experimental error was used as the denominator for the F-test when E 
X P was not significant (beyond P > 0.05). 
"^ays to midbloom not taken at Ames in 1986. 
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Table 17. Estimates, based on Model 2 (Eberhart, 1964), of the predicted 
CO population mean, linear regression coefficients for each 
population, and standard errors (in brackets) for grain yield, 
yield components, plant height, and days to midbloom for 
lAPlR(M) and IAP4R(S1) in Experiment I 
Grain yield Seeds/ lOO-seed 
(Mg/ha) panicle weight (g) 
Predicted CO mean 5.69 (0.063) 1263 (26.2) 2.77 (0.043) 
Linear - Mass selection 0.117** (0.035) 34.6* (14.7) -0.033 (0.024) 
Linear - SI testing 0.170** (0.035) 82.6** (14,7) -0.023 (0.024) 
Panicles/ Plant height Days to 
plant (cm) midbloom 
Predicted CO mean 
Linear - Mass selection 
Linear - SI testing 
1.82 (0.029) 
0.010 (0.016) 
-0.022 (0.016) 
140.3 (1.12) 
0.26 (0.63) 
-1.31* (0.63) 
59.1 (0.19) 
-0.33** (0.11) 
1.67** (0.11) 
Mg/ha/cycle, Table 17) was greater than zero. Linear regression 
coefficients and the least squares estimate of the predicted CO mean for 
each selection method (Table 17) were calculated by using the reduced 
model. For each selection method, regression coefficients were also 
calculated by using the full model and are presented in Table A1 of the 
J^ppendix. The regression coefficient for SI testing, 0.170 Mg/ha/cycle, 
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was not significantly different (beyond P > 0.05) from the increase of 
0.117 Mg/ha/cycle observed for mass selection. For both regression 
coefficients, the null hypothesis (HO: b^j = 0) was rejected at P < 0.01. 
Significant deviations from the model were due primarily to the large 
difference between grain yield predicted by the regression equation (5.86 
%/ha. Figure 2) of IAP4R(S1)C1 and observed yield (6.13 Mg/ha, Table 
10). Otherwise predicted and observed yields generally were in 
agreement. 
A significant (P < 0.05) average-linear effect (58.6 seeds/cycle) 
was detected for seeds/panicle (Table 17). Individual-population 
regression coefficients were significantly (P < 0.01 for IAP4R(S1) and P 
<0.05 for lAPlR(M) ) different from zero. SI testing increased 
seeds/panicle by 83 seeds/cycle over the three cycles of selection 
(Figure 3). The among 15's source of variation in the combined analysis 
(Table 16) indicated that this value was not significantly different from 
the increase of 35 seeds/cycle for lAPlR(M). Significant deviation from 
linear regression occurred for seeds/panicle because there was a large 
amount of variation around the regression lines. Number of seeds/panicle 
(Table 11) for each C2 population (1285 seeds/panicle for IAP1R(M)C2 and 
1395 seeds/panicle for IAP4R(S1)C2) was less than the respective CI 
populations (1312 seeds/panicle for lAPlR (M) CI and 1428 seeds/panicle for 
IAP4R(S1)C1), less than the predicted value for either C2 population 
(Figure 3, 1332 and 1428, respectively), and significantly (by using the 
LSDq^ os) less than the counterpart C3 populations (1394 seeds/panicle for 
lAPlR(M)C3 and 1506 seeds/panicle for IAP4R(S1)C3). 
Mean squares for the average-linear and among-A's sources of 
variation were not significant (beyond P > 0.05) for plant height (Table 
16), but the regression coefficient for IAP4R(S1) (-1.31 cm/cycle) was 
significantly (P < 0.05) different from zero (Table 17). 
Number of days to midbloom is the only trait in the combined 
analysis for which the among-G's mean square was significant (P < 0.01). 
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* = Mass Selection 
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Figure 2. Changes in grain yield (I^/ha) over cycles of selection of 
iaPlR(M) and IAP4R(S1) 
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Figure 3. Changes in seeds/panicle over cycles of selection of 
IAP1R(M) and IAP4R(S1) 
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Figure 4. Changes in days to roidbloan over cycles of selection of 
iaPlR(M) and IAP4R(S1) 
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However, the average-linear mean square for days to midbloom was not 
significant (P > 0.05). SI testing resulted in populations that were 
significantly (P < 0.01) later to midbloom by 1.67 days per cycle, while 
mass selection resulted in populations that were significantly (P < 0.01) 
earlier by one-third of a day per cycle (Table 17 and Figure 4). 
Experiment II 
Means for agronomic traits measured in individual environments of 
Ejç)eriment II are presented in Table 18. Dry soil conditions in 1985 
delayed planting at Ames, and sparse rainfall throughout the summer 
resulted in an average grain yield of 4.45 b^/ha (70.8 bu/A). Cool 
Table 18. Individual-environment means for agronomic traits measured in 
Ej^riment II 
Grain Seeds/ 100-seed Panicles/ Days to 
Environment yield panicle weight plant Height midbloom 
(Mg/ha) (g) (cm) 
Ames 1985 4.45 1485 2.37 1.40 _a _b 
Ames 1986 5.27 1095 2.81 2.00 136 -
Ames 1987 5.60 1395 2.49 1.85 136 66.8 
Burkey 1987 5.43 1571 2.25 1.79 147 63.9 
Ames 1988 5.71 1588 2.41 1.66 126 62.6 
^2^0.05 0.20** 44** 0.07** 0.06** 2** 0.9** 
®Plant height not measured at Ames in 1985. 
"tiays to midbloom not recorded at Ames in 1985 and 1986. 
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temperatures at Ames for ten days after planting in 1986 caused slow 
emergence of seedlings. Satisfactory plant stands were established, 
however, and environmental conditions were favorable through most of the 
season, resulting in an average yield of 5.27 Mg/ha (83.8 bu/A). The 
experiment at Burkey Farm in 1987 was planted 18 days later than the Ames 
test, and nitrogen fertilizer was not applied. Warm temperatures and 
adequate rainfall throughout the summer resulted in mean yields of 5.60 
Mg/ha (89.0 bu/A) for the Ames test and 5.43 Mg/ha (86.3 bu/A) at the 
Burkey Farm. Seeds were smaller in the Burkey Farm experiment but there 
were more seeds/panicle than in the Ames environment, resulting in mean 
yields for the two tests that were not significantly different. The 1988 
Ames test had the highest average grain yield, 5.71 Mg/ha (90.8 bu/A), 
despite environmental adversities of very high tenperatures and limited 
(but timely) rainfall. 
The analyses of variance, combined over environments, are presented 
in Tables 19 and 20. Separate analyses for the individual environments 
are presented in i^pendix Tables A2 through A6. In the combined 
analyses, differences among environments were highly significant (P < 
0.01) for all traits measured. Mean squares for environments usually 
were large corrpared to those for other sources of variation. Significant 
(P < 0.05 or P< 0.01) differences among blocks were detected for all 
traits except grain yield (Tables 19 and 20), but the differences were 
relatively small (Appendix Table A7). No significant (beyond P > 0.05) 
interactions of blocks with environments (B x E) were observed. Mean 
squares for replicates-within-blocks-within-environments (R/B/E) source 
of variation were highly significant (P < 0.01) for grain yield, 
panicles/plant, plant height, and days to midbloom. 
For all traits, highly significant (P < 0.01) differences among 
genotypes (G/B), among SI families derived from lAPlR(M)C3 (i.e. MS/B), 
and among SI families derived from IAP4R(S1)C3 (i.e. Sl/B) were observed 
in the combined analyses. Means contained over environments for each 
genotype, grouped by blocks, are presented in Table A8 of the Appendix. 
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Table 19. Mean squares from the analyses of variance for grain yield and 
yield components for Experiment II combined over environments 
(Ames 1985 through 1988, and Burkey Farm 1987) 
Source Grain Seeds/ 100-seed Panicles/ 
of variation d.f. yield panicle weight plant 
Environments (E) 4 59.498** 9672879** 10.680** 12.232** 
Blocks (B) 5 2.196 286122** 0.695** 0.345* 
B X E 20 0.873 60560 0.133 0.099 
Replicates (R) /B/E 30 0.581** 57611 0.090 0.082** 
Genotypes (G)/B 114 2.337** 733645** 0.876** 0.316** 
MS/B 54 2.268** 388634** 0.740** 0.293** 
Sl/B 54 2.436** 687603** 0.544** 0.252** 
(MS vs 31)/B 6 2.072 4253115** 5.081** 1.098** 
G/B X E 456 0.468** 68923** 0.150** 0.050** 
MS/B X E 216 0.356** 45623 0.091 0.057** 
Sl/B X E 216 0.419** 84449** 0.148** 0.034 
(MS vs Sl)/B X E 24 1.913** 138886* 0.684** 0.138** 
Experimental error 570 0.231 46152 0.079 0.033 
MS/R/B X E 270 0.237 36746 0.074 0.038 
Sl/R/B X E 270 0.222 54353 0.081 0.027 
(MS vs Sl)/R/B X E 30 0.248 56990 0.107 0.042 
CV (%) 9.07 15.06 11.40 10.45 
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Table 20. Mean squares from the analyses of variance for plant height 
and days to midbloom for the combined environments of 
Experiment II 
Source Plant height Days to 
of variation d.f. d.f. Midbloom 
Environments (E) 
Blocks (B) 
B X E 
Replicates (R) /B/E 
Genotypes (G) /B 
MS/B 
Sl/B 
(MS vs Sl)/B 
G/B X E 
MS/B X E 
Sl/B X E 
(MS vs Sl)/B X E 
Experimental Error 
MS/R/B X E 
Sl/R/B X E 
(MS vs SI) /R/B X 
3 18285.2** 
5 836.9** 
15 177.0 
24 213.1** 
114 1614.8** 
54 1356.4** 
54 1100.8** 
6 8567.2** 
342 110.5** 
162 140.9* 
162 69.6 
18 205.3 
456 79.8 
216 100.8 
216 54.5 
; 24 118.8 
2 1136.5** 
5 95.6* 
10 26.6 
18 17.7** 
114 112.2** 
54 44.5** 
54 61.1** 
6 1181.8** 
228 7.2** 
108 5.2** 
108 4.7** 
12 47.8** 
342 2.5 
162 2.7 
162 2.4 
18 2.0 
CV (%) 9.05 6.56 
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Generally, there were large differences among genotypes within blocks for 
all traits. Interactions of genotypes with environments (G/B x E) also 
were highly significant (P < 0.01) for all traits. MS/B x E interactions 
were significant (P < 0.05 or P < 0.01) for grain yield, panicles/plant, 
plant height, and days to midbloom, but not for seeds/panicle or 100-seed 
weight. Sl/B x E interactions were highly significant (P < 0.01) for 
grain yield, seeds/panicle, 100-seed weight, and days to midbloom, but 
not for panicles/plant or plant height. 
Mean squares for the comparison of selection methods ((MS vs Sl)/B) 
were highly significant (P < 0.01) for seeds/panicle, 100-seed weight, 
panicles/plant, plant height, and days to midbloom. However, the (MS vs 
31)/B mean square was not significant (beyond P > 0.05) for grain yield, 
lyfean squares for interactions of the comparison of selection methods with 
environments ((MS vs Sl)/B x E) were significant (P < 0.05 or P < 0.01) 
for all traits except plant height. 
High and low SI family values, as well as the ranges spanned by the 
values (Table 21), for grain yield, yield coirponents, and other agronomic 
traits showed there was marked variability for these traits among the SI 
families derived from either population. Distributions of SI family 
values for the two populations were similar for grain yield (Figure 5). 
For seeds/panicle (Figure 5), 100-seed weight and panicles/plant (Figure 
6), and plant height (Figure 7) the curves had the same shape, but the 
distribution of one population was shifted slightly in relation to the 
other. However, distributions of SI families diverged strikingly toward 
later maturity (i.e. days to midbloom) (Figure 7) for IAP4R(S1)C3 
compared to lAPlR (M)C3. Overall, and in each environment, the SI 
families derived from lAPlR (M)C3 consistently averaged fewer seed/panicle 
but they had larger seed and more panicles/plant than those from 
IAP4R(S1)C3 (Tables 21 and 22). Means for the individual and combined 
environments also showed that IAP1R(M)C3 was taller than IAP4R(S1)C3 and 
it reached midbloom stage sooner. 
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Table 21. Population means (standard errors in brackets), high and low 
values for SI families derived from each population, and range 
of SI family means for agrononic traits measured in the 
combined environments of Experiment II 
F-test 
Population 
IR Mean vs. 
Trait Parameter IAP1R(M)C3 IAP4R(S1)C3 4R mean 
Grain yield (I^/ha) 
Mean 5.33 (0.04) 5.26 (0.04) 
High SI family value 6.58 6.28 
Low SI family value 4.12 4.12 
Range 2.46 2.16 
Seeds/panicle 
Mean 1288 (13) 1566 (17) ** 
High SI family value 1945 2334 
Low SI family value 709 1031 
Range 1236 1303 
100-seed weight (g) 
Mean 2.61 (0.02) 2.32 (0.02) ** 
High SI family value 3.27 2.79 
Low SI family value 1.99 1.88 
Range 1.28 0.91 
Panicles/plant 
Mean 1.81 (0.01) 1.67 (0.01) ** 
High SI family value 2.26 2.07 
Low SI family value 1.52 1.35 
Range 0.74 0.72 
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Table 21. (Continued) 
Population 
Trait Parameter IAP1R(M)C3 IAP4R(S1)C3 
F-test 
IR Mean vs. 
4R mean 
Height (cm) 
Mean 143 (1) 
High SI family value 174 
Low SI family value 115 
Range 59 
Days to midbloom 
Mean 61.4 (0.2) 
High SI family value 68.3 
Low 81 family value 56.5 
Range 11.8 
129 (1) 
161 
105 
56 
67.5 (0.2) 
73.7 
58.8 
14.9 
** 
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Table 22. Population means for agronomie traits measured in individual 
environments 
Environment Grain Seeds/ 100-seed Panicles/ Days to 
and population yield panicle weight plant Height midbloom 
(Mg/ha) (g) (cm) 
1985 Ames 
IAP1R(M)C3 4.59 1369 c **= 2.61 
** 
1.41 _a _b 
IAP4R(S1)C3 4.32 1602 2.14 1.40 - -
1986 Ames 
IAP1R(M)C3 5.28 983 
** 
2.90 
* 
2.13 
** 
142 
** 
-
IAP4R(S1)C3 5.27 1207 2.73 1.87 130 -
1987 Ames 
IAP1R(M)C3 5.51 1247 
** 
2.58 
** 
1.93 
** 
145 
** 
64.8 
** 
IAP4R(S1)C3 5.69 1542 2.40 1.78 126 68.9 
1987 Burkey 
IAP1R(M)C3 5.75 
** 
1361 
** 
2.55 
** 
1.89 
** 
154 
**  
61.0 
** 
IAP4R(S1)C3 5.11 1780 1.96 1.69 141 66.7 
1988 Ames 
IAP1R(M)C3 5.52 
** 
1478 
** 
2.43 
* 
1.69 131 
** 
58.5 
** 
IAP4R(S1)C3 5.89 1698 2.39 1.63 121 66.8 
^Plant height not measured at Ames, 1985. 
'^ays to midbloom not measured at Ames 1985 and 1986. 
^Level of significance for the difference between means of the two 
populations in an individual environment. 
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Grain yield (Mg/ha) 
IAP1HCH)C3 * IAP4HCS1)C3 
700 - •«« 
Seeds/panic 1e 
IAP1R(M]C3 + IAP4R(31ÎC3 
Figure 5. Frequency distributions of SI families, 60 derived from 
lAPlR (M) C3 and 60 derived from IAP4R(S1)C3, for grain yield 
(top diagram) and seeds/panicle (bottom diagram) averaged over 
five environments 
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Figure 6. Frequency distributions of SI families, 60 derived from 
IAP1R(M)C3 and 60 derived from IAP4R(S1)C3, for 100-seed 
weight (top diagram) and panicles/plant (bottom diagram) 
averaged over five environments 
75 
129 • 134 149 - 194 199 - 164 159 - 174 
Plant height (cm) 
IAPlHCnjC3 f IAP4R(S1]C3 
5 7 . 5  6 9 . 4  6 1 . 5  6 6 . 5  -  6 7 . 4  6 9 . 5  71.  4 7 3 . 5  -  7 5 . 4  
Days to midbloom 
l A P l R C K D C S  4- I A P 4 R C S 1 3 C 3  
Figure 7. Frequency distributions of SI families, 60 derived from 
lAPlR (M) C3 and 60 derived from IAP4R(S1)C3, for plant height 
(top diagram) and days to midbloom (bottom diagram) averaged 
over four and three environments respectively 
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Mean grain yields of the SI families derived from IAP1R(M)C3 and 
IAP4R(S1)C3 were not significantly different (beyond P < 0.05). Both 
populations produced three SI families that yielded more than 6.00 Mg/ha 
(Figure 5 and i^pendix Table A8). SI families from IAP1R(M)C3 yielded 
significantly (P < 0.01) more than those from IAP4R(S1)C3 in the 1987 
Burkey Farm test, and significantly (P < 0.01) less in the 1988 Ames 
test. There were no significant differences (beyond P > 0.05) between 
families from the populations for mean grain yield in the other three 
tests. 
Conponents of variance presented in Table 23 show that the genetic 
variance {6\) among SI families from IAP4R(S1)C3 was significantly 
greater (P < 0.05) for seeds/panicle and days to midbloom, but was not 
significantly different from lAPlR (M) C3 for grain yield, panicles/plant, 
and plant height. On the other hand, a greater genetic variance for 100-
seed weight was observed among the SI families from lAPlR(M) C3. 
Estimates of error variance (6^) for LAPlR (M)C3 were significantly 
greater than the estimates for IAP4R(S1)C3 for panicles/plant and plant 
height, but significantly less for seeds/panicle. Coitpared to 
lAPlR (M) C3, IAP4R(S1)C3 had significantly larger estimates for the 
genotype x environment interaction component of variance (ô^^g) for grain 
yield, seeds/panicle, and 100-seed weight, and a significantly smaller 
estimate of for plant height. 
Estimates of error variance for lAPlR(M)C3 and IAP4R(S1)C3 were 
similar (Table 23 and Figure 8) to the estimates of genetic variance for 
grain yield, seeds/panicle, and panicles/plant. For plant height and 
days to midbloom, the estimates of genetic variance in both populations 
were relatively large coitpared to estimates of error. The estimate of 
genetic variance for seed weight was similar to the estimate of error 
variance in lAPlR(M)C3, but the genetic component of variance was much 
smaller in IAP4R(S1)C3. Estimates of genotype x environment interaction 
components of variance were small relative to error and genetic variance 
estimates for all traits in both populations. 
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Table 23. Estimates of genetic (6 g), genotype x environment (ô^gg), and 
error (6^) corrponents of variance and their standard 
errors (in brackets) for traits measured on 60 SI families 
from each population in the combined environments of 
Experiment II 
Trait and 
population 
Variance corrponent 
m (à^GE^ 
Grain yield (Mg/ha) 
IAP1R(M)C3 0.237 (0.014) 
IAP4R(S1)C3 
Seeds/panicle 
IAP1R(M)C3 
IAP4R(S1)C3 
0.222 (0.013) 
35746 (2220) 
54354*3 (3284) 
100-seed weight (g) 
IAP1R(M)C3 0.074 (0.005) 
IAP4R(S1)C3 
Panicles/plant 
IAE>1R(M)C3 
IAP4R(S1)C3 
Height (cm) 
IAP1R(M)C3 
IAP4R(S1)C3 
Days to midbloom 
IAP1R(M)C3 
IAP4R(S1)C3 
0.081 (0.005) 
0.038* (0.002) 
0.027 (0.002) 
100.8* (6.8)  
54.5 (3.7) 
2.70 (0.21) 
2.40 (0.19) 
0.059 (0.017) 
0.099* (0.020) 
4439 (2275) 
15048* (4026) 
0.009 (0.005) 
0.034* (0.007) 
0.009 (0.003) 
0.004 (0.002) 
20.0* (7.7) 
7.5 (3.8) 
1.27 (0.35) 
1.16 (0.31) 
0.191 (0.043) 
0.202 (0.046) 
34301 (7345) 
60315* (12994) 
0.065* (0.014) 
0.040 (0.010) 
0.024 (0.006) 
0.022 (0.005) 
151.9 (25.6) 
128.9 (20.8) 
6.55 (0.84) 
9.39* (1.15) 
®The significantly higher conponent of variance in the comparison of 
individual-population corrponents for a trait; i.e. difference is more 
than twice the standard error. 
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Figure 8. Proportion of the estimates of genetic (6^g), genotype x 
environment (6^^) (i.e. G x E), and error (6^) coitponents of 
variance for grain yield (GY), seeds/panicle (S/P), 100-seed 
weight (SW), panicles/plant (P/P), plant height (PH), and days 
to midbloom (MB) in relation to total variation among families 
from lAPlR(M)C3 (top diagram) and IAP4R(S1)C3 (bottom diagram) 
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The genetic coefficient of variation (GCV) is a measure of genetic 
variation relative to the mean. There was relatively high genetic 
variability (Table 24) in both IAP1R(M)C3 and IAP4R(S1)C3 for 
seeds/panicle, and appreciably less variability for days to midbloom. 
Estimates of GCV were of similar magnitude for lAPlR(M) C3 and LAP4R(S1)C3 
for all traits. 
Except for heritability of 100-seed weight on a plot basis (0.44 in 
lAPlR(M)C3 vs 0.26 in IAP4R(S1)C3), heritabilities for traits in the two 
populations (Table 25) were not significantly different (by using two 
times the standard error) from each other. Heritabilities on a progeny 
mean basis were relatively high for all traits, reflecting the small 
effect of the genotype x environment conponent of variance and the good 
growing conditions during 1985 to 1988, High heritabilities for plant 
height and days to midbloom were due primarily to the large genetic 
conponent of variance in relation to other conponents. 
Table 24. Estimates of genetic coefficients of variation (GCV) for 
agronomic traits measured on 60 SI families from each 
population in the coirbined environments of E^qseriment II 
GCV (%) 
Trait IAP1R(M)C3 IAP4R(S1)C3 
Grain yield 8.20 8.54 
Seeds/panicle 14.38 15.68 
100-seed weight 9.75 8.58 
Panicles/plant 8.51 8.86 
Plant height 8.62 8.80 
Days to midbloom 4.17 4.54 
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Table 25. Estimates of heritability on a progeny-mean and plot basis 
(standard errors in brackets) for agronomic traits measured 
on 60 SI families from each population in the combined 
environments of Experiment II 
Heritability 
Trait and Progeny-mean 
population basis Plot basis 
Grain yield 
IAP1R(M)C3 
IAP4R(S1)C3 
Seeds/panicle 
IAP1R(M)C3 
IAP4R(S1)C3 
100-seed weight 
IAP1R(M)C3 
IAP4R(S1)C3 
Panicles/plant 
IAP1R(M)C3 
IAP4R(S1)C3 
Plant height 
IAP1R(M)C3 
IAP4R(S1)C3 
Days to midbloom 
IAP1R(M)C3 0.93 
IAP4R(S1)C3 0.95 
(0.19) 0.39 (0.09) 
(0.19) 0.39 (0.09) 
(0.19) 0.45 (0.10) 
(0.19) 0.46 (0.10) 
(0.19) 0.44 (0.09) 
(0.19) 0.26 (0.07) 
(0.19) 0.33 (0.08) 
(0.19) 0.42 (0.09) 
(0.15) 0.56 (0.09) 
(0.15) 0.68 (0.11) 
(0 .11)  0 .62 (0 .08)  
(0.11) 0.73 (0.09) 
0.84 
0.83 
0 .88  
0 . 8 8  
0 .88  
0.73 
0.81 
0.87 
0.92 
0.95 
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Phenotypic correlations between traits measured on SI families 
derived from IAP1R(M)C3 and IAP4R(S1)C3 (Tables 26 and 27) were positive 
and significant (P < 0.05 or P < 0.01) for grain yield with seeds/panicle 
(0.44 and 0.51, respectively) and plant height (0.32 and 0.44, 
respectively), and for seeds/panicle with days to midbloom (0.49 and 
0.38, respectively). Highly significant (P < 0.01) negative correlations 
were found in both populations for seeds/panicle with 100-seed weight 
(-0.76 and -0,64, respectively) and panicles/plant (-0.48 and -0.42, 
respectively). The phenotypic correlations of grain yield with 
panicles/plant (0.27), panicles/plant with plant height (0.37), 
panicles/plant with days to midbloom (-0.26), and lOO-seed weight with 
midbloom (-0.38) were significant (P < 0.05 or P < 0.01) only in 
lAPlR(M) C3. The phenotypic correlation of 100-seed weight and plant 
height was significant (P < 0.05) only in IAP4R(S1)C3. The largest 
differences between the populations were differences between the 
phenotypic correlations of 100-seed weight with plant height, 100-seed 
weight with days to midbloom, panicles/plant with plant height. 
Genetic correlations for most trait comparisons were similar in 
magnitude to the phenotypic correlations (Tables 26 and 27). The genetic 
correlations in lAPlR(M)C3 that differed from their respective phenotypic 
correlation by a magnitude of 0.1 or greater, were panicles/plant with 
plant height (rg = 0.48 conpared to rp = 0.37), panicles/plant with days 
to midbloom (r^ = -0.37 coitpared to rp = -0.26), seeds/panicle with days 
to midbloom (rg = 0.68 cortpared to rp = 0.49), and 100-seed weight with 
days to midbloom (rg = -0.52 conpared to rp =. -0.38). In IAP4R(S1)C3, the 
genetic correlations that differed from their respective phenotypic 
correlations by a magnitude of 0.1 or more were 100-seed weight with 
plant height (rg =0.53 conpared to rp = 0.40) and seeds/panicle with days 
to midbloom (rg = 0.55 conpared to rp = 0.38) . 
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Table 26. Phenotypic (above the diagonal) and genetic (below the 
diagonal) correlations among agronomic traits measured on 60 
SI families from lAPlR(M) C3 in the combined environments of 
Eb^riment II 
Trait GY S/P SW P/P PH MB 
Grain yield (GY) 
Seeds/panicle (S/P) 
100-seed weight (SW) 
Panicles/plant (P/P) 
Height (PH) 
Days to midbloom (MB) 
0.44** -0.05 
0.47 -0.76** 
-0.08 -0.77 
0.25 -0.52 0.24 
0.37 -0.14 0.21 
0.18 0.68 -0.52 
0.27* 0.32* 0.10 
-0.48** -0.10 0.49** 
0.20 0.17 -0.38** 
0.37** -0.26* 
0.48 -0.01 
-0.37 -0.04 
Table 27. Phenotypic (above the diagonal) and genetic (below the 
diagonal) correlations among agronomic traits measured on 60 
SI families from IAP4R(S1)C3 in the combined environments of 
Experiment II 
Trait GY S/P SW P/P PH MB 
Grain yield (GY) 
Seeds/panicle (S/P) 
100-seed weight (SW) 
Panicles/plant (P/P) 
Height (PH) 
Days to midbloom (MB) 
0.51** -0.03 
0.57 -0.64 
-0.11 -0.64 
0.13 -0.45 0.10 
0.53 0.00 0.53 
0.21 0.55 -0.06 
0.16 0.44** 0.16 
-0.42** 0.01 0.38** 
0.09 0.40** -0.03 
0.05 -0.14 
0.05 0.00 
-0.21 -0.01 
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Predicted Gains fcorn Selection 
Predicted and realized gains frcm selection can be ccnpared to determine 
how well predictions based on a theoretical model agree with the actual 
response to selection. To accurately predict the results of a selection 
schone, the parameters used in the formula must precisely reflect the 
selection procedure. 
During each cycle of mass selection, the isolation plot, consisting of 
approximately 6000 plants, was divided into 30 equal-size grids. Ten 
agrononically-desirable male-sterile panicles that had the highest threshed-
grain weight were selected from each grid. Because male-sterile plants were 
selected, parental control (C) was 0.5. Assuming that one-half of the total 
number of plants in an isolation were male-sterile, selection intensity was 
approximately 10%. The standardized selection differential (k) for 10% 
selection intensity was 1.755 standard deviation units (Hallauer and Miranda, 
1988, p. 105). Genetic and genotype x environment variance components for 
grain yield estimated froti Experiment II data (Table 23) for lAPlR(M) C3 were 
0.191 for 6^3 and 0.059 for The among-plants-within-grids (6^„) variance 
canponent for grain yield, calculated as described in the Materials and 
Nkthods (p. 47-48), was 2.561. Using these values, the predicted gain for 
mass selection was 0.060 Mg/ha/cycle or 1.08%/cycle ccnpared to the mean of 
the base population. 
Each cycle of SI testing required three years (Figure 1), with a two-
replicate (r = 2) yield test of SI families grown at Ames (e = 1) every third 
year. Selection intensity was 18% of the number tested in each yield trial 
(Atkins, 1986), and k was 1.458. Seeds frcm male-sterile panicles that 
traced to the highest yielding Sl-families were corposited to form the 
isolation plot for the next cycle; therefore C was 0.5. For IAP4R(S1)C3, the 
variance components estimated for grain yield in Experiment II (Table 23) 
were 0.202 for 6^3, 0.099 for 6^^, and 0.222 for experimental error (6^) . The 
predicted gain for SI testing calculated by using these estimates was 0.357 
Mg/ha/cycle or 6.41%/cycle in relation to the CO mean. 
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DISCUSSION 
lyfess selection (phenotypic recurrent selection) and SI testing have been 
reconmended as promising recurrent selection methods for the inprovonent of 
grain sorghum populations (Doggett, 1968, 1972a, 1972b; Doggett and Eberhart, 
1968; Gardner, 1972, 1977; Jan-om et al., 1976; Ross, 1978). The objective 
of my dissertation was to corpare the effectiveness of these selection 
strategies for inproving grain yield of a random-mating sorghum population. 
Two experiments were conducted utilizing populations derived frcxn the same 
base (CO) population. The populations designated lAPlR(M)CI, IAP1R(M)C2, and 
lAPlR (M) C3 were developed by using mass selection for individual-panicle 
grain weight, and the three cycles (populations) of IAP4R(S1) were developed 
by using replicated Sl-family testing for grain yield. Experiment I cotpared 
the agronanic performance of cotposites of seed from male-sterile panicles 
harvested fron the isolation plot of each of the seven populations. 
Experiment II compared Sl-families derived from the cycle-three populations 
IAP1R(M)C3 and IAP4R(S1)C3. 
For grain yield, the estimate of realized gain in Ejqseriment I (Table 
17) for Sl-testing of 0.170 Mg/ha/cycle was slightly larger than the 0.117 
]y^/ha/cycle gain for mass selection. Cotpared to the predicted mean of the 
base population, cycles derived by using SI testing showed a linear 
ittprovonent for grain yield of 2.99%/cycle while populations derived by using 
mass selection showed an increase of 2.06%/cycle. Both values were 
significantly greater than zero (P < 0.01), but they were not significantly 
different frcxn each other (beyond P > 0.05). Different cycle-cotposites of 
IAP4R(S1) yielded the most in three of the five environments (CI at Burkey in 
1988, C2 at Ames in 1988, and C3 at Ames in 1987) while lAPlR(M)C3 was 
highest yielding at Ames in 1986 and Burkey in 1987 (Table 10). 
In Experiment II, the average grain yield of SI families derived fron 
lAPlR(M)C3 (5.33 Mg/ha) did not differ significantly (beyond P > 0.05) frcxn 
the 5.26 Mg/ha prcxiuced by SI families frcxn IAP4R(S1)C3 (Table 21). 
Furthermore, for grain yield, the distribution of SI families derived fron 
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IAP1R(M)C3 was rsiHrkably similar to that of IAP4R(S1)C3 (Figure 5). 
IAP4R(S1)C3 outyielded IAP1R(M)C3 in one environment (Ames, 1988), yielded 
less in another environment (Burkey, 1987), and the two populations did not 
differ significantly (beyond P > 0.05) for grain yield in the other three 
environments (Table 22). 
Ess and Atkins (1989) catpared the agronomic performance of hybrids 
formed by using, as male parents, SI families derived from IAP1R(M)C3 and 
IAP4R(S1)C3. The SI families used in their experiments were fron the same 
isolation plots as those used in Experiment II; however, there was only one 
SI family in camion in the two studies. They did not find significant 
differences (beyond P > 0.05) for grain yield between the two sets of 
hybrids. 
Results frcm my stucfy, together with those of Ess and Atkins (1989), do 
not provide a clear choice for one recurrent selection method over the other. 
Both methods irtproved grain yield of the advanced-cycle-corposites 
(E^qseriment I) relative to the base population, but in Experiment II 
performance of SI families derived fron the cycle-three populations was 
similar. Likewise, on a per-cycle basis, realized genetic gain (Experiment 
I) for the two methods was similar. Gain/season or gain/year, however, may 
be the most appropriate means of evaluating selection advance, especially 
when the values are used to determine how to allocate resources in the 
future. On a per-season basis, mass selection seens preferable, because Sl-
testing requires three seasons per cycle while mass selection requires only 
one season per cycle (Figure 1). Therefore, if only one growing season per 
year is available to the breeder, mass selection is the superior method. But 
if off-season nurseries are utilized for reccxnbination and/or development of 
testing units (SI families), then the gain/year frcm Sl-testing should be 
similar or superior to that from mass selection. 
Associated changes that occur for agronomic characters other than those 
directly under selection also are an iirportant aspect of any recurrent 
selection schene. In addition to increased grain yield, the advanced-cycle-
corposites in Experiment I differed frcm the base population for other 
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agronomic traits (Tables 11 through 15). Linear increases of 34.6 
seeds/panicle/cycle for IAP1R(M) and 82.6 seeds/panicle/cycle for IAP4R(S1) 
were significantly greater than zero (P < 0.05 and P < 0.01, respectively) in 
Ej^riment I (Table 17). Per-cycle changes for the other yield ccxtponents, 
100-seed weight and panicles/plant, however, were not significant (beyond P > 
0.05). Therefore, for either selection method, seeds/panicle seans the yield 
catponent most closely associated with grain yield. Selection methods also 
influenced morphological traits of advanced populations in Ejq^eriment I. For 
plant height, only the linear decrease of 1.31 cm/cycle for IAP4R(S1) was 
significantly greater than zero (P < 0.05). For days to midbloon, Sl-testing 
resulted in a linear increase of 1.67 days/cycle (P < 0.01), whereas there 
was a linear decrease of one-third day per cycle for the populations 
developed by using mass selection (P < 0.01). 
Similar changes due to selection methods were noted for agrononic traits 
in Experiment II. Means of SI families fron the two cycle-three populations 
(Table 21) differed significantly (P < 0.01) for all traits measured except 
grain yield. The largest percentage-difference between population means was 
for seeds/panicle, and the frequency of SI families producing more than 1500 
seeds/panicle was greater for IAP4R(S1)C3 than for IAP1R(M)C3 (Figure 5). 
For days to midbloon, the frequency of late-maturing families was strikingly 
greater for IAP4R(S1)C3 (Figure 7). Mean days to midbloon for IAP4R(S1)C3 
was nearly a week later than the average for lAPlR(M) C3. Means and frequency 
distributions of SI families fron IAP1R(M)C3 for plant height, 100-seed 
weight, and panicles/plant reflected the fact that they were generally 
taller, and produced heavier seed and more panicles/plant cotpared to 
families derived fron IAP4R(S1)C3. 
Correlated changes among agrononic traits of SI families also were 
examined in Experiment II. Correlations are inportant because traits are 
often associated in their inheritance. Genotypic values for different traits 
may be correlated because they are influenced in part by genes which affect 
both traits (pleiotropy) or because they are influenced by different genes 
that are linked on the same chronosone (linkage). Regardless of whether the 
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cause of a correlation is pleiotropy or linkage, the magnitude of the 
genotypic correlation between traits will have an inpact on response to 
selection (Baker, 1986). Ross et al. (1981) suggested that if linkage is 
involved, continued randan mating should increase the ofportunities for 
overcoming unfavorable genetic correlations. 
Correlations between -0.33 and 0.33 have coefficients of determination 
(r^) below 10%, indicating that they account for less than one-tenth of the 
observed variation. Traits that had the largest positive phenotypic 
correlations (P < 0.01) with grain yield in Experiment II were seeds/panicle 
and plant height (rp = 0.44 and 0.32, respectively for IAP1R(M)C3 and = 
0.51 and 0.44, respectively for IAP4R(S1)C3). The phenotypic correlation of 
grain yield with panicles/plant was smaller and was significant (P < 0.05) 
only among the lAPlR(M)C3 families (rp = 0.27). Phenotypic correlations of 
100-seed weight and days to midblocm with grain yield were not significant 
(beyond P < 0.05) in either population. The correlations with grain yield 
observed in Experiment II further siçport the hypothesis that increased 
seeds/panicle was the yield cotponent most responsible for increased grain 
yield with either selection method. 
The correlations observed in Experiment II generally agree with those 
reported by Lothrop et al. (1985b) in their ejqjeriments with half-sib and SI 
families derived frcxn IAP1R(M)C3, and by Ess and Atkins (1989) in their 
comparison of hybrids formed fron male parents derived frcxn IAP1R(M)C3 and 
IAP4R(S1)C3. Both studies reported large positive correlations of grain 
yield with seeds/panicle for lAPlR (M) C3. Lothrop et al. (1985b) also 
reported a significant (P < 0.01) positive correlation of grain yield with 
plant height among lAPlR(M) C3 families, but Ess and Atkins (1989) did not 
find that relationship significant among hybrids cJerived frcxn lAPlR (M) C3. 
Ess and Atkins (1989) ciid not find the correlation of grain yield with 
seecis/panicle significzant (beyond P > 0.05) among hybricis formed frcxn male 
parents derived frcxn IAP4R(S1)C3, but did observe that the correlations of 
grain yield with plant height and panicles/plant were significant. 
Large negative genetic correlations of seeds/panicle with 100-seed , 
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weight (rg = -0.77 and -0.64 in IAP1R(M)C3 and IAP4R(S1)C3, respectively) and 
with panicles/plant (r^ = -0.52 and -0.45, respectively) point to a strong 
genetic tendency for yield ccnponent ccnpensation in both populations. 
Lothrop et al. (1985b) and Ess and Atkins (1989) also reported large negative 
correlations for seeds/panicle with 100-seed weight and panicles/plant. 
These results show that although seeds/panicle may be increased, decreases in 
other yield coiponents tend to offset that increase so that little if any 
change occurs in grain yield. It seems that mass selection has been the more 
successful method in maintaining 100-seed weight and panicles/plant while 
increasing seeds/panicle and grain yield, because the associated decreases 
for 100-seed weight and panicles/plant are less than those observed in the 
populations developed by using SI testing. 
The relative proportions of genetic, genotype x environment, and error 
variances are important when planning breeding strategies. For both cycle-
three populations, estimates of genetic variances among SI families in 
Experiment II were significantly greater (P < 0.05) than zero (i.e. two times 
the standard error) for all traits (Table 23). The genetic variance of 
IAP4R(S1)C3 compared to IAP1R(M)C3 was significantly greater (P < 0.05) for 
seeds/panicle and days to midbloan, and significantly less (P < 0.05) for 
100-seed weight. There were no significant differences (beyond P > 0.05) 
between the populations in genetic variances for grain yield, panicles/plant, 
and plant height. 
Ess and Atkins (1989) reported that genetic variances among hybrids 
formed from male parents derived from IAP1R(M)C3 and IAP4R(S1)C3 were not 
significantly different (beyond P > 0.05) for grain yield. For the other 
traits measured, their estimates of genetic variances among the sets of 
hybrids were nearly alike or they were sanewhat greater for the hybrids with 
male parents derived from lAPlR(M) C3. 
Ccmparison of the estimates reported by Ess and Atkins (1989) with my 
results reveals that the genetic variance of lAPlR (M) C3 for grain yield was 
not significantly different (beyond P > 0.05) fran that of IAP4R(S1)C3. 
Neither of the selection methods has altered genetic variance of the advanced 
89 
cycles appreciably in relation to the other. From the stanc%x>int of further 
progress from recurrent selection, the results are encouraging, because there 
seans to be adequate genetic variability for further selection and 
irrprovement of grain yield in either population. 
Estimates of error variance in Experiment II were significantly greater 
(P < 0.05) than zero (i.e. greater than two times the standard error) for all 
traits (Table 23). Error variance for IAP4R(S1)C3 was significantly greater 
(P < 0.05) for seeds/panicle ccnpared to IAP1R(M)C3, but significantly 
smaller for panicles/plant and plant height. Genotype x environment 
interaction variances for all traits were small relative to estimates of 
error and genetic variances (Figure 8). G x E variances were not 
significantly different (beyond P > 0.05) frcm zero (i.e. smaller than two 
times the standard error) for seeds/panicle and 100-seed weight in 
lAPlR(M) C3, and for panicles/plant and plant height in IAP4R(S1)C3 (Table 
23). Ccnpared to lAPlR(M) C3, IAP4R(S1)C3 had significantly greater (P < 
0.05) genotype x environment interactions for grain yield, seeds/panicle and 
100-seed weight, but a smaller value for plant height. 
Heritability is a measure of the proportion of the selection 
differential that is expected to be realized in the next generation. The 
primary use of heritability estimates is to predict expected gain by using 
different selection schennes in a population, so that the breeder may choose 
the method that best fits the requirements of the breeding program (Lamkey et 
al., 1987). Heritability estimates in Experiment II for grain yield on a 
progeny-mean basis were 0.84 for lAPlR(M)C3 and 0.83 for IAP4R(S1)C3. These 
estimates are similar to the values of 0.74, 0.84, and 0.85 reported by 
Lothrop et al. (1985a) for SI and half-sib families in their study of 
IAP1R(M)C3. For grain yield. Ess and Atkins (1989) reported smaller values 
for heritabilities on a progeny-^nean basis of 0.67 and 0.56 for hybrids 
formed by using SI families derived fran lAPlR(M)C3 and IAP4R(S1)C3, 
respectively, as male parents. Their estimates, however, were based on data 
from two replicates in two environments. 
Predicted gains fran both selection methods also were calculated frcxn 
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variance ccnponents estimated in Experiment II. For mass selection, 
predicted gain for grain yield was 1.08%/cycle, and for SI testing predicted 
gain was 6.41%/cycle. Lothrop et al. (1985b) estimated that gains in grain 
yield of 1.9%/cycle would be obtained by using mass selection while gains by 
using SI testing would be 13.8%/cycle. They used different parameters for 
parental control and selection differential, however, so that direct 
cotparison of the estimates is not appropriate. 
The realized gain in grain yield for mass selection of 2.06%/cycle 
relative to the predicted CO mean (0.117 t^/ha/cycle / 5.69 Mg/ha) in 
Ejqjeriment I (Table 17) was slightly greater than the predicted gain of 
1.08%/cycle. For SI testing, however, the realized gain of 2.99%/cycle 
(0.170 Mg/ha/cycle / 5.69 Mg/ha) was markedly less than the predicted gain of 
6.41%/cycle. It seems surprising that realized gain for SI testing was so 
much less than the predicted gain. According to theory, the gain fron SI 
testing should be greater than that expected from mass selection, because the 
ability to evaluate several progeny per plot and replication of each plot 
should serve to reduce the effect of ejqjerimental error. Additionally, if 
additive genetic effects are of primary inportance in the determination of 
grain yield, then SI testing should be very effective in the inprovanent of 
grain yield. 
Long-term selection studies have often produced realized responses that 
were different fron the predicted response (Hallauer, 1986). When the 
character under selection is ccxiplex, e.g. grain yield, it is unlikely that 
any population will respond exactly as predicted. Variations in the 
estimation of selection response may occur because of differences in the 
accuracy of ej^rimental techniques during each cycle of selection and also 
during the evaluation of response (Hallauer, 1986). Genetic drift or 
inbreeding depression could result if the number of parents recantibined was 
small. On the other hand, estimates of predicted gain may vary because 
inadequate sanpling of the population or poor experimental technique may 
result in erroneous estimates of additive, genotype x environment 
interaction, and experimental error variances (Hallauer, 1986, 1987), 
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The discrepancies between observed and predicted gains under either 
recurrent selection schene may suggest that there were errors in the 
estimates of genetic variance for grain yield. If dominance or epistasis 
have large effects, then the assuitptions of no doninance or epistasis will 
bias the estimate of genetic variance (Hallauer and Miranda, 1988). 
Dominance effects have been shown to be inportant in the determination of 
grain yield of sorghums (Atkins et al., 1968; Kirby and Atkins, 1968; 
Laosuwan and Atkins, 1978; Jan-om et al., 1976; Bittinger et al, 1981). 
Therefore, it is possible that the predicted gains for grain yield were 
overestimated. 
With respect to mass selection, an estimate of individual-plant 
heritability for grain yield of 0.07 was calculated from iry results by using 
the derived value for among-plants-within-grids variance (6^„) together with 
the variance coiponents fran Experiment II that were used to predict the gain 
for mass selection. Ccxtparison of that individual-plant heritability with 
published estimates seens an appropriate check of the accuracy of the 
variance estimates. Lothrop et al. (1985a) estimated individual-plant 
heritability for grain yield among two groups of selections from lAPlR(M) C3 
to be 0.06 and 0.13, and Ess and Atkins (1989) obtained an estimate of 0.16 
fran hybrids involving male parents selected fran lAPlR (M) C3. My estimate of 
heritability on a single-plant basis may be slightly low, thereby causing the 
estimate of predicted gain to be low. That being the case, the predicted 
gain for mass selection for grain yield based on the model is in close 
agreenent with the realized gain. 
The difference between realized and predicted gains for populations 
derived by using SI testing is more difficult to e}q)lain. Inbreeding 
depression, genetic drift, and/or the effects of linkage disequilibrium do 
not seen to be major factors because seeds fran 26 to 35 male-sterile 
panicles were carposited to plant the different isolation plots. 
Additionally, there was no difference in the genetic variance among SI 
families for grain yield between IAP4R(S1)C3 and lAPlR(M) C3. 
The major increase in grain yield for IAP4R(S1) was in the first 
92 
selection cycle (Table 10); IAP4R(S1)C1 yielded 0.56 Mg/ha (10.1%) more than 
the CO population. This value is greater than the predicted gain from SI 
testing of 6.41%/cycle. Subsequent cycles, however, showed no gain in yield 
cotpared to IAP4R(S1)C1 (-0.12 Mg/ha for C2 and -0.01 Mg/ha for C3). This 
variation in performance of advanced cycles most likely contributed to the 
lower response to selection for the populations advanced by SI testing. 
A problem with conducting evaluations in relatively few environments is 
that the estimation of progress from selection may be confounded by 
environmental factors (Mareck and Gardner, 1979). The magnitude of the 
genotype x environment interaction variance in Experiment II was small 
relative to genetic and error variances for all traits measured, probably 
reflecting the generally favorable growing conditions during 1985 to 1988 
(Table 23 and Figure 8). But significant interactions of genotypes with 
environments in Experiment II (Tables 19, 20, and 23) indicated that the 
performance of SI families within populations, as well as coiparisons of the 
populations thanselves, were not consistent. Although phenotypic 
correlations between grain yield and days to midbloan for the ccmbined data 
were not significant in either population, late maturing Sl-families fran 
IAP4R(S1)C3 yielded comparatively less in the late-planted environments. The 
1985 Ames and 1987 Burkey tests of E^qaeriment II were planted June 4 and 9, 
respectively, while the other tests were planted the 21, 22, and 25 of May. 
Grain yield of the IAP4R(S1)C3 families averaged 5.62 Mg/ha in the tests 
planted in May, but only 4.72 Mg/ha in tests planted in June, while families 
from lAPlR(M)C3 yielded 5.44 Mg/ha in the tests planted in May and 5.17 ly^/ha 
in the late-planted tests (Table 22). The delay in planting date reduced the 
average grain yield of IAP4R(S1)C3 by 11% in relation to lAPlR(M)C3. 
Although the families frcxn IAP4R(S1)C3 consistently produced more 
seeds/panicle than those from lAPlR(M)C3, apparently they were able to take 
advantage of the greater reproductive sink only in the high yielding 
environments (1987 Arnes and 1988 Ames). 
Other researchers have observed shifts to later maturity caused by SI 
testing for grain yield in sorghum populations (Doggett, 1972b; Ross 1978; 
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Nath 1982). Doggett (1972b) suggested that late-maturing families often were 
selected because they tended to be more competitive ccirpared to early 
maturing types. Because there is a positive association between grain yield 
and maturity when environmental conditions are favorable (Dalton, 1966), Sl-
testing in an early-planted environment with a long growing season may have 
given genotypes that were late maturing an advantage, so that they would 
yield more and would likely be selected as parents. These genotypes, 
however, may not have yielded as well in the two late-planted environments 
that were used to evaluate progress from selection in Ebqseriment II. Yield 
gain that might have been observed by evaluation of progress in full-season 
environments was offset to a degree by the relatively poor performance of 
late-maturing genotypes in late-planted environments. 
To avoid the strong selection pressure for late-maturing genotypes that 
Sl-testing exerts on a population, the breeder should adjust yields of Sl-
families, giving consideration to maturity instead of selection of parents 
based on grain yield per se. Miller and Fehr (1979) suggested three methods 
to avoid shifts in the maturity of soybean populations undergoing recurrent 
selection; maturity class selection, linear regression adjustment, and a 
selection index. They reported that all methods were acceptable but they had 
offsetting advantages and disadvantages. Selection within maturity classes 
assured a wide range of maturities among selected parents, while the linear 
regression and selection index methods did not directly consider the maturity 
range among families. If several environments are used for testing, a 
selection index may be more useful because it uses genotypic relationships 
between grain yield and days to midbloom to adjust means, whereas the linear 
regression method uses only phenotypic relationships. The linear regression 
and selection index methods could be more readily carputerized than the 
maturity class method. An interesting research project would be to ccxtpare 
the ability of the three methods to control maturity in sorghum populations 
undergoing improvarent by using SI testing. 
My results indicate that SI testing is at a disadvantage corpared to 
mass selection when only one season can be used in a year, that it is similar 
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to mass selection when two seasons per year are available, and that it is 
superior to mass selection when one cycle can be grown each year. A 
procedure that reduces the number of seasons required for SI testing, called 
modified SI (MSI) recurrent selection, has been suggested by Dhillon and 
Khehra (1989) to ittprove maize populations. In addition to yield tests in 
several environments, SI families of maize are grown at one location in an 
isolated recaiibination nursery where they are detasseled and open-pollinated 
by the entire population in the same manner as the modified ear-to-row method 
suggested by Lonnquist (1964) for half-sib families of maize. The 
modification enables the breeder to ccxrplete both the evaluation and 
recatibination phases in a single season. Then in an off-season nursery, 
plants are selfed to generate SI families for testing. Therefore, a cycle of 
MSI testing could be ccnpleted in one year. 
Because sorghum cannot be mass-enasculated, I suggest that in the 
isolated MSI recoiibination-nursery, individual wide-spaced plants be grown in 
the same manner that they would be in a polycross nursery, or possibly by 
using a honeyccxnb design (Fasoulas, 1988). At pollen shed, male-sterile 
plants would be identified, and tall, fertile plants removed. Selection in 
the reccmbination nursery would be practiced only within Sl-families that had 
been selected by yield testing. Reduced environmental variation among plants 
being corpared (e.g. within a grid) increases heritability on a single plant 
basis (Verhalen et al., 1975). The MSI method would be more expensive in 
terms of capital and labor, compared to either mass selection or SI testing, 
because the identity of each plant in the isolation would need to be 
maintained and its performance recorded. The gain fron utilizing SI testing 
to select families and then gridded mass (or honeyccxnb) selection to select 
within superior families may however, be worth the extra cost. 
Another way to increase gain from SI testing would be to increase 
parental control. In the current Sl-testing program, seed fron male-sterile 
panicles is conposited to plant the next cycle's isolation block. Parental 
control by using that procedure is 0.5. Predictions show that genetic gain 
could be doubled by ccsttpositing, instead, the seed from selfed panicles that 
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traced to the highest yielding Sl-families to plant the next cycle's 
isolation plot. The change would increase parental control to 1.0. 
Similarly, the gain for mass selection could be doubled by increasing 
parental control from 0.5 to 1.0. That would be acccnplished by mass 
selection of fertile panicles during the summer and then intermating in an 
off-season nursery, where male-sterile panicles would be selected. The 
disadvantage with these changes is that only one-fourth, rather than one-half 
of the plants in the recombination phase would be male-sterile. 
Hallauer (1987) in a review of plant breeding methods, pointed out that 
genetic effects in breeding populations of many crop species are primarily 
additive and that all cyclical methods of population irtprovoment select for 
additive effects. He suggested that the choice of method often had little 
effect on the rate of population inprovement (Hallauer, 1987; Hallauer and 
Miranda, 1988). Instead, selection of the most appropriate method depended, 
in most instances, on how well it coiplanented other aspects of the breeding 
program. Additionally, source materials and environmental conditions under 
which recurrent selection is conducted may be as irrportant in the final 
analysis as the selection method (Center and Eberhart, 1974). 
SI testing can be a very effective method for iitproving grain yield in a 
population, but the gains must be balanced against increased donands for 
land, labor, and time. With a given amount of resources, a breeder can 
evaluate fewer selections in a SI testing program coipared to a program based 
on mass selection. Most often that will result in less intense selection 
when using SI testing. To increase selection intensity, a breeder may decide 
to select for highly-heritable traits before conducting expensive yield 
trials. Undesirable increases in plant height and days to midbloon, which 
are conmon in populations inproved by using recurrent selection, may be 
successfully reduced by selecting plants with appropriate height and maturity 
before SI testing is initiated (Ross, 1978). But elimination of plants based 
on qucilitative characteristics may restrict grain yield inprovoment because 
of unfavorable genetic correlation between the qualitative trait and grain 
yield (Hallauer and Sears, 1969; Hallauer, 1987; Hallauer and Miranda, 1988). 
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The use of mass selection to iitprove grain yield may be most appropriate 
in early stages of population development, when incorporation of diverse 
gernplasm and the subsequent breaking of linkage groups through intermating 
is most inportant. Mass selection also may be used in initial cycles of a 
recurrent selection program to select for traits that have relatively high 
heritability, and once the genetic variability for those traits is reduced 
the breeder could change the evaluation procedure to seme type of progeny 
testing (Hallauer, 1986). SI testing may then be utilized in later stages of 
population development when the breeder wishes to maintain desirable linkage 
groups and generate families that will contribute directly to the development 
of cultivars and hybrids. 
Adjustments can and should be made to realize the potential benefits of 
recurrent selection and to develop gentplasm that is useful to applied 
breeding programs. Both mass selection and Sl-testing have a place in an 
applied breeding program and should be used where they are most advantageous. 
To summarize my reccxtinendations, gain on a per-year-basis could be ittproved 
by making the following adjustments to the programs now in place for sorghum: 
1) Increase parental control for both mass selection and SI testing 
schemes, 
2) Reduce the number of seasons required for Sl-testing so that one 
cycle could be completed each year, 
3) Instead of selecting families in the Sl-testing schane based on grain 
yield per se, an adjustment of grain yield giving consideration to maturity 
should be made to reduce the selection pressure for late-maturing genotypes. 
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SCjMARY 
The research reported in this dissertation was designed to corpare the 
effectiveness of two recurrent selection schones, mass selection and SI 
testing, for the inprovenent of grain yield of a sorghum randcm-mating 
population. Starting with a catmon base population, lAPlR(M) was advanced by 
using three cycles of mass selection for individual-panicle grain weight, and 
IAP4R(S1) was advanced by using three cycles of replicated SI family testing 
for grain yield. 
Two experiments were conducted to evaluate changes due to selection 
methods. Entries for Experiment I were seed cotposites of male-sterile 
panicles harvested fron the isolation plot of each population (selection 
method-cycle combination). Seven populations were grown in five environments 
using a randcmized-catplete-block field design with six replicates per 
environment. Gain per cycle was estimated by using the least squares method 
for cotparing progress among recurrent selection methods suggested by 
Eberhart (1964). Additionally, estimates of changes in character means, 
cotponents of variance, heritability, and correlations among agrononic traits 
of Si families fron cycle-three populations developed by using the two 
selection methods were obtained in Experiment II. These SI families were 
evaluated in a replicates-in-blocks field design (Constock and Robinson, 
1948) grown in two replicates in five environments. 
For grain yield, examination of the changes over cycles, as well as 
means, variances, and distributions of Sl-families derived fron the cycle-
three populations did not reveal any marked differences in effectiveness of 
the selection methods. The selection methods inproved grain yield of all but 
one of the advanced-cycle-ccxtposites significantly (P < 0.05) ccnpared to the 
base population, but realized gain per cycle fron SI testing was not 
significantly different (beyond P > 0.05) fron that of mass selection. Gain 
in yield for mass selection in Experiment I was estimated at 0.117 
Mg/ha/cycle (2.06%/cycle) and for SI testing the estimate was 0.170 
D^/ha/cycle (2.99%/cycle). Gain on a per^year basis favored mass selection 
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if only one season of SI testing could be coipleted each year. There was no 
significant difference (beyond P > 0.05) in the genetic variance for grain 
yield (Eb^riment II) among SI families derived from lAPlR(M) C3 and 
IAP4R(S1)C3. Seeds/panicle was the only yield component associated 
significantly (P < 0.01) with grain yield of the populations improved by 
using either selection method. 
The different selection methods caused the cycle-three populations 
(Experiment II) to differ significantly (P < 0.01) for seeds/panicle, 100-
seed weight, panicles/plant, plant height, and days to midbloom. SI families 
in Ejqjeriment II from IAP4R(S1)C3 were decidedly shorter and later to reach 
midbloom stage, and produced more seeds/panicle, but smaller seed and fewer 
panicles/plant as compared to lAPlR(M) C3. Cotpared to the CO population, all 
cycle-ccxTposites of IAP4R(S1) (Ebqseriment I) averaged significantly (P < 
0.01) more seeds/panicle, and tended to be shorter and later blooning. The 
advanced-cycle-ccnposites of lAPlR(M), on the other hand, tended to produce 
more seeds/panicle, but reached midbloon stage slightly sooner than did the 
CO population. 
Estimates of genetic variance among SI families frcam C3 were larger for 
seeds/panicle and days to midbloon in the population developed by SI testing, 
but genetic variance for 100-seed weight was greater in the population 
developed by using mass selection. There were no significant differences 
(beyond P > 0.05) between the C3 populations in genetic variance for grain 
yield, panicles/plant, and plant height. 
Heritability values on a progeny mean basis were relatively high for all 
traits, reflecting the small effect of the genotype x environment component 
of variance on SI family performance and the generally favorable growing 
conditions during 1985 to 1988. Except for heritability of 100-seed weight 
on a plot basis, heritability values for traits in the two populations were 
not significantly different fron each other (beyond P > 0.05). 
The genetic correlation of seeds/panicle with 100-seed weight (r^ = 
-0.77 and -0.64 for IAP1R(M)C3 and IAP4R(S1)C3, respectively) was the only 
genetic correlation with a coefficient greater than 0.25 in both 
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populations. The strong negative correlation indicates that simultaneous 
selection for more seed/panicle and large seed would be difficult. Other 
correlations among characters were significant (beyond P < 0.05), but 
magnitudes of their coefficients of determination were small. 
The realized gain in grain yield for mass selection of 2.06%/cycle was 
slightly larger than the predicted gain of 1.08%/cycle. Realized gain in 
yield for SI testing of 2.99%/cycle, however, was appreciably less than the 
predicted gain of 6.41%/cycle. The difference between predicted and realized 
gain for the cycle-cotposites derived by SI testing raises sane concern 
relative to the effectiveness of that method. Inbreeding depression, genetic 
drift, and/or linkage disequilibrium do not seem to be major factors 
contributing to the difference because seeds frcxn 26 to 35 male-sterile 
panicles were coiposited to plant the different cycle's isolation plots and 
genetic variance for grain yield was not reduced for SI testing ccxtpared to 
mass selection. Genetic variance estimates for grain yield may have been 
biased by doninance effects, thereby causing an inflated estimate of genetic 
gain. The most likely explanation, however, may be that genotypes that were 
selected during the evaluation phase of Sl-testing were not able to express 
their full potential in the environments in which selection response was 
measured. Populations developed by SI testing were much later than the base 
population as well as the populations developed by using mass selection. 
Although late-maturing types, which were markedly more frequent in IAP4R(S1) 
populations, generally were high yielding in optimum environments, they were 
at a disadvantage for grain yield in the late-planted tests. 
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Table Al. Estimates based on Eberhart's Model 4 {Eberhart, 1964) of the 
predicted CO population mean, linear and quadratic regression 
coefficients, and standard errors (in brackets) for grain 
yield, yield components, plant height, and days to midbloom 
for lAPlR(M) and IAP4R(S1) in Experiment I 
Grain Yield Seeds 100-seed 
(b^/ha) per panicle weight (g) 
Predicted CO mean 5.62 (0.090) 1256 (34.0) 2.77 (0.057) 
Linear - Mass selection 0.092 (0.147) 11.2 (55.3) -0.025 (0.092) 
Linear - SI testing 0.488** (0.147) 136.8* (55.3) -0.015 (0.092) 
Quadratic - Mass Sel. 0.002 (0.047) 10.3 (17.7) -0.003 (0.030) 
Quadratic - SI testing -0.112* (0.047) -19.9 (17.7) -0.003 (0.030) 
Predicted CO mean 
Linear - Mass selection 
Linear - SI testing 
Quadratic - Mass Sel. 
Quadratic - SI testing 
Panicles 
per plant 
1.82 (0.038) 
0.015 (0.061) 
0.021 (0.061) 
0.002 (0.020) 
0.001 (0.020) 
Plant height 
(cm) 
141.8 (1.99) 
-6.22 (3.24) 
-1.13 (3.24) 
2.27 (1.04) 
-0.32 (1.04) 
Days to 
Midbloom 
59.4 (0.41) 
-0.93 (0.66) 
1 .08  (0 .66)  
0.19 (0.21) 
0.18 (0.21) 
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Table A2. Mean squares from the analyses of variance for traits measured 
in Eî^riment II, Ames, 1985® 
Source Grain Seeds/ 100-seed Panicles/ 
of variation d.f. yield panicle weight plant 
Blocks 5 0.992 30138 0.097 0.282* 
R/B 6 0.301 15531 0.030 0.039 
Genotypes 114 0.594** 188617** 0.330** 0.049** 
MS/B 54 0.541** 116881** 0.234** 0.044 
Sl/B 54 0.593** 211841** 0.188** 0.057** 
(MS vs Sl)/B 6 1.084 625221** 2.477** 0.029 
Expt. error 114 0.200 36378 0.052 0.025 
MS/R/B 54 0.214 36356 0.057 0.032 
Sl/R/B 54 0.172 36207 0.048 0.019 
(MS vs SI)/R/B . 6 0.321 38114 0.047 0.018 
CV (%) 10.03 12.84 9.62 11.27 
^Plant height and days to midbloom not taken. 
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Table A3. Mean squares from the analyses of variance for traits measured 
in Experiment II, Ames, 1986® 
Source Grain Seeds/ 100-seed Panicles/ 
of variation d.f. yield panicle weight plant Height 
Blocks 5 0.504 120569* 0.355* 0.021 358.3 
R/B 6 0.593* 22114 0.036 0.068 343.8 
Genotypes 114 0.454** 122558** 0.246** 0.197** 501.4 
MS/B 54 0.483** 71357** 0.198** 0.230** 516.0: 
Sl/B 54 0.412** 113841** 0.257** 0.091** 332.5 
(MS vs Sl)/B 6 0.577 661824** 0.590* 0.850** 1888.9 
Expt. error 114 0.132 23932 0.074 0.048 91.9 
MS/R/B 54 0.124 21395 0.063 0.053 134.5 
Sl/R/B 54 0.127 27554 0.083 0.040 42.9 
(MS vs SI)/R/B 6 0.256 14157 0.100 0.089 149.9 
CV (%) 6.90 14.13 9.70 11.00 7.05 
^Days to midbloom not recorded. 
Table A4. Mean squares from the analyses of variance for traits measured 
in Eî^riment II, Ames, 1987 
Source Grain Seeds/ 100-seed Panicles/ Days to 
of variation d.f. yield panicle weight plant Height midbloom 
Blocks 5 1.159 85808 0.368* 0. ,107 132. ,8 7, ,8 
R/B 6 0.398 47615 0.073 0. 202* 262. ,3* 14. ,2** 
Genotypes 114 0.882** 180917** 0.199** 0. 099** 569. 6** 20. 2** 
MS/B 54 0.850** 109563** 0.175** 0. 106** 410. 4** 7. ,8** 
Sl/B 54 0.903** 173631** 0.194** 0. 079** 356. Qv'c* 13. ,8** 
(MS vs Sl)/B 6 0.983 888670** 0.448** 0. 228** 3915. 9** 189. 5** 
Expt. error 114 0.232 36551 0.072 0. 035 61. 8 1. 1 
MS/R/B 54 0.220 26237 0.060 0. 041 67. 8 1. 1 
Sl/R/B 54 0.241 47811 0.089 0. 030 46. 1 1. 2 
(MS vs SI)/R/B ^ 6 0.261 28036 0.033 0. 034 148. 7 1. 1 
CV (%) 5.60 13.71 10.80 10.13 5.79 1.56 
117 
Table A5. Mean squares from the analyses of variance for traits measured 
in Experiment II, Burkey Farm, 1987 
Source Grain Seeds/ 100-seed Panicles/ Days to 
of variation d.f. yield panicle weight plant Height midbloom 
Blocks 5 
R/B 6 
Genotypes 114 
MS/B 54 
Sl/B 54 
(MS vs Sl)/B 6 
Ej^t. error 114 
MS/R/B 54 
Sl/R/B 54 
(MS vs SI)/R/B 6 
CV (%) 
1.232 56196 
0.261 99823 
1.178** 305230** 
0.867** 128264** 
1.077** 301329** 
4.897** 1933033** 
0.296 73683 
0.298 54455 
0.296 80923 
0.281 181579 
10.02 17.28 
0.203 0.065** 
0.205 0.003 
0.443** 0.103** 
0.263** 0.071** 
0.236** 0.095** 
3.925** 0.465** 
0.107 0.033 
0.111 0.033 
0.082 0.032 
0.290 0.040 
14.52 10.13 
168.8 21.6** 
54.2 1.8 
451.2** 37.9** 
385.5** 19.9** 
368.7** 20.2** 
1784.8** 358.9** 
92.7 3.8 
109.1 4.5 
80.2 3.2 
57.4 3.9 
6.54 3.06 
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Table A6. Mean squares from the analyses of variance for traits measured 
in Eî^riment II, Ames, 1988 
Source Grain Seeds/ 100-seed Panicles/ Days to 
of variation d.f. yield panicle weight plant Height midbloom 
Blocks 5 4, ,002 235654 0.203 0. ,267 708.1 120.0 
R/B 6 1. ,350* 102973 0.104 0. ,100* 192.2 37.0** 
Genotypes 114 1. 100** 212017** 0.256** 0. 068** 424.2** 68.6** 
MS/B 54 0. 951** 145065** 0.235** 0. 069** 467.1** 27.3** 
Sl/B 54 1. 129** 224759** 0.263** 0. 066** 251.4** 36.4** 
(MS vs Sl)/B 6 2. 184** 699911** 0.379* 0. 076 1593.5** 728.8** 
Expt. error 114 0. 293 60216 0.090 0. 024 72.8 2.6 
MS/R/B 54 0. 331 45287 0.077 0. 032 91.8 2.5 
Sl/R/B 54 0. 274 79273 0.104 0. 015 48.7 2.9 
(MS vs SI)/R/B 6 0. 123 23065 0.072 0. 029 119.2 1.1 
CV (%) 9.45 15.45 12.43 9.30 6.77 2.56 
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Table A7. Individual-block means combined over environments for traits 
measured in Experiment II 
Grain Seeds/ 100-seed Panicles/ Days to 
Block yield panicle weight plant Height midbloom 
(Mg/ha) (g) (cm) 
1 5.41 1454 2.42 1.74 135 64.1 
2 5.26 1397 2.50 1.76 141 64.8 
3 5.31 1421 2.46 1.79 135 65.1 
4 5.21 1472 2.40 1.68 136 63.4 
5 5.15 1372 2.57 1.70 135 63.7 
6 5.40 1446 2.47 1.77 137 65.7 
LSDO.05 0.32 48 0.07 0.06 3 1.0* 
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Table A8. Means of individual genotypes within blocks and individual-
block means combined over environments for traits measured in 
Experiment II 
Grain Seeds/ 100-seed Panicles/ Days to 
Genotype/ yield panicle weight plant Height midbloom 
Block (Mg/ha) (g) (cm) 
Block 1 - IAP1R(M)C3 Sl-families 
1 5.59 1373 2.43 1.82 141 66.5 
2 5.54 1123 2.92 1.93 142 57.5 
3 5.91 1589 2.20 1.88 157 63.5 
4 5.06 1235 2.61 1.69 115 66.7 
5 5.40 1267 2.83 1.68 137 60.7 
6 5.16 1703 2.06 1.63 139 63.0 
7 5.63 1284 2.67 1.82 147 64.7 
8 5.43 1423 2.35 1.83 147 61.7 
9 5.54 1405 2.36 1.84 137 60.5 
10 5.22 1363 2.56 1.69 142 60.0 
Block 1 - IAP4R(S1)C3 Sl--families 
61 5.85 1577 2.25 2.07 141 70.0 
62 5.97 2033 2.15 1.46 139 67.7 
63 5.59 1452 2.67 1.59 145 64.0 
64 5.43 1725 2.09 1.62 123 64.7 
65 5.10 1348 2.71 1.54 134 62.7 
66 4.71 1031 2.74 1.87 133 64.5 
67 5.18 1515 2.40 1.58 127 66.0 
68 6.04 1825 2.16 1.71 133 69.8 
69 4.46 1291 2.15 1.76 105 58.8 
70 5.41 1520 2.19 1.82 113 68.7 
Block 1 mean 5.41 1454 2.42 1.74 135 64.1 
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Table A8. (Continued) 
Grain Seeds/ 100-seed Panicles/ Days t( 
Genotype/ yield panicle weight plant Height midbloor 
Block (Mg/ha) (g) (cm) 
Block 2 - IAP1R(M)C3 Sl--families 
11 4.80 1433 2.49 1.52 136 61.3 
12 5.47 1213 2.99 1.69 154 59.3 
13 4.47 709 3.16 2.26 150 56.7 
14 5.25 1395 2.49 1.65 150 63.5 
15 5.21 1221 2.57 1.93 161 64.0 
16 5.60 1450 2.58 1.67 137 63.0 
17 4.99 1219 2.55 1.89 135 64.0 
18 6.48 1945 1.99 1.81 150 64.2 
19 4.12 924 2.50 1.92 166 63.8 
20 5.49 1387 2.63 1.64 130 63.5 
Block 2 - IAP4R(S1)C3 Sl-families 
71 5.47 1270 2.68 1.84 138 68.2 
72 5.71 1510 2.70 1.56 146 66.8 
73 6.28 1358 2.66 1.91 148 62.3 
74 4.61 1250 2.57 1.82 119 68.0 
75 4.84 1869 1.93 1.49 127 68.3 
76 5.61 1535 2.31 1.98 134 70.7 
77 5.09 1483 2.09 1.75 139 62.3 
78 5.84 1483 2.39 1.85 150 70.0 
79 4.93 1571 2.20 1.55 122 66.3 
80 5.03 1703 2.44 1.51 123 69.5 
Block 2 mean 5.26 1397 2.50 1.76 141 64.8 
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Table A8. (Continued) 
Grain Seeds/ 100-seed Panicles/ Days to 
Genotype/ yield panicle weight plant Height midbloom 
Block (Mg/ha) (g) (cm) 
Block 3 - IAP1R(M)C3 Sl-families 
21 5.47 1325 2.29 2.00 117 59.3 
22 4.95 1102 2.50 2.06 131 61.5 
23 5.28 1238 2.64 1.72 144 58.7 
24 4.64 1214 2.66 1.57 129 60.2 
25 5.23 1214 2.80 1.74 133 60.8 
26 5.47 1052 2.98 2.04 154 60.3 
27 5.04 984 3.06 1.87 167 60.0 
28 5.43 1462 2.53 1.70 141 64.2 
29 5.57 1433 2.22 1.97 161 63.2 
30 5.10 1365 2.37 1.75 134 61.0 
Block 3 - IAP4R(S1)C3 Sl--families 
81 5.52 1719 2.37 1.97 133 73.0 
82 6.19 1576 2.38 1.84 134 67.5 
83 4.35 1305 2.05 1.73 108 64.7 
84 5.85 2334 1.92 1.46 127 71.3 
85 4.92 1429 2.35 1.67 112 70.8 
86 5.74 1684 2.37 1.61 138 68.2 
87 5.35 1465 2.33 1.79 116 69.0 
88 5.14 1281 2.58 1.79 135 70.0 
89 5.90 1626 2.20 1.91 129 67.2 
90 5.14 1602 2.54 1.56 152 70.7 
Block 3 mean 5.31 1421 2.46 1.79 135 65.1 
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Table A8. (Continued) 
Grain Seeds/ 100-seed Panicles/ Days to 
Genotype/ yield panicle weight plant Height midbloom 
Block (Mg/ha) (g) (cm) 
Block 4 - IAP1R(M)C3 Sl-families 
31 4.71 1290 2.51 1.63 140 59.0 
32 5.58 1432 2.44 1.78 155 60.8 
33 5.26 1500 2.30 1.74 164 62.2 
34 4.81 1482 2.18 1.59 126 58.0 
35 5.56 1409 2.72 1.66 138 65.7 
36 5.92 1262 2.56 2.08 159 57.2 
37 5.54 1137 2.86 1.96 163 58.0 
38 4.31 1173 2.47 1.64 133 58.0 
39 5.88 1489 2.55 1.74 143 61.0 
40 5.43 1305 2.80 1.68 121 60.5 
Block 4 - IAP4R(S1)C3 SI--families 
91 4.73 1739 1.92 1.61 125 68.7 
92 4.75 1565 2.18 1.53 115 68.5 
93 4.81 1173 2.56 1.73 133 59.5 
94 5.58 1728 2.20 1.65 129 65.8 
95 5.28 1319 2.62 1.71 141 67.0 
96 5.20 1519 2.38 1.65 117 64.5 
97 4.57 1429 2.35 1.57 116 71.8 
98 5.50 2059 1.89 1.53 120 68.0 
99 5.57 1710 2.26 1.63 137 66.8 
100 5.20 1709 2.21 1.48 138 66.0 
ock 4 mean 5.21 1472 2.40 1.68 136 63.4 
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Table A8. (Continued) 
Grain Seeds/ 100-seed Panicles/ Days to 
Genotype/ yield panicle weight plant Height midbloom 
Block (Mg/ha) (g) (cm) 
Block 5 - IAP1R(M)C3 Sl-families 
41 5.76 1501 2.46 1.71 146 62.3 
42 5.75 1016 2.83 2.20 149 58.8 
43 4.75 1240 2.74 1.58 131 59,7 
44 5.77 1392 2.72 1.67 147 65.2 
45 5.44 1268 2.76 1.76 148 60.3 
46 5.35 1176 2.71 2.01 139 61.2 
47 4.90 1080 2.68 1.92 124 56.5 
48 5.22 1374 2.61 1.69 139 62.8 
49 4.60 1350 2.26 1.73 127 63.8 
50 4.85 927 3.27 1.90 136 59.7 
Block 5 - IAP4R(S1)C3 Sl-families 
101 5.86 1574 2.35 1.79 139 65.3 
102 4.80 1350 2.29 1.76 133 60.8 
103 5.25 1369 2.55 1.73 161 68.7 
104 4.12 1097 2.79 1.45 143 60.5 
105 5.11 1733 2.51 1.65 132 73.7 
106 5.13 1658 2.36 1.45 123 68.7 
107 5.21 1405 2.64 1.58 125 65.7 
108 5.60 1659 2.32 1.60 124 65.8 
109 5.17 1625 2.31 1.53 126 64.8 
110 4.39 1637 2.18 1.36 114 68.8 
Block 5 mean 5.15 1372 2.57 1.70 135 63.7 
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Table A8. (Continued) 
Grain Seeds/ 100-seed Panicles/ Days tc 
Genotype/ yield panicle weight plant Height midbloor 
Block (Mg/ha) (g) (cm) 
Block 6 - IAP1R(M)C3 Sl--families 
51 6.46 1235 2.76 2.09 155 58,8 
52 5.14 989 3.27 1.76 146 59,2 
53 6.58 1243 2.97 2.04 174 59.3 
54 5.29 1525 2.52 1.52 139 66.0 
55 5.28 1230 2,57 1.92 135 58.5 
56 5.11 1216 2,74 1.66 133 61.2 
57 5.09 1275 2.65 1.81 163 68.3 
58 5.42 1301 2.41 1.97 141 63.2 
59 5.49 1271 2.44 1.96 133 65.2 
60 5.92 1117 3.10 1.92 158 58,0 
Block 6 - IAP4R(S1)C3 Sl-families 
111 5.23 1572 2.43 1.52 139 72.0 
112 5.29 1300 2.33 1.86 125 63,2 
113 5.93 2293 2.09 1.35 139 70,5 
114 5.29 1838 1.88 1.63 121 68,3 
115 5.27 1489 2.33 1.72 130 71,7 
116 4.23 1361 2.17 1.63 120 68.2 
117 4.78 1361 2.06 1.88 114 67.7 
118 5.33 1484 2.65 1.51 131 69,2 
119 5.45 1981 1.96 1.87 112 72,3 
120 5.49 1848 1.98 1.76 125 72,8 
Block 6 mean 5.40 1446 2.47 1.77 137 65,7 
Genotype LSDqj D50.68 262 0.39 0.22 10 2,7 
